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DKDICATEI) 

TO 

TMK DEFENCELESS CITIZEN 


PREFACE TO THIRD EDITION 


AI''TI<;k eighteen months of the war the urgent demand for 
a Third Edition of tliis work was met by a reprint of the Second 
lidition with corrections and additions to the letterpress and 
the addition of another cliapter on the war and its effects on 
Civil Defence. 

It is gratifying to note that the acid test of actual war 
conditions has only served to confirm the soundness of the 
principles of the science outlined in the earlier editions. 

There is, of course, an inevitable effect on cost.s of works 
and price.s of equipment, but except where otherwi.se .specifically 
stated in tlie text, an all round increase of 33I per cent, can be 
made to the cost figures given in the volume for the purpose of 
estimation of wartime costs. 

Local conditions must, however, be taken into consideration 
in ari-iving at a close estimate of cost of civil defence works, 
but the calculations included in this work having been made 
on a uniform bitsis will serve as a reliable basis of comparison. 

As far as the (‘xigimcies of war conditions will permit, 
endeavours have been made to display the effects of test 
results on design for passive air defence. 

C. W. G. 


London, 

March, 1941. 
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PREPACK TO SECOND EDmON 


(iREKTia) jivS " the first text book on ttie subject " tfie first 
edition enjoyed an encouraging {jress and quickly became out 
of print. 

The evolution of the science and art of Civil Defence and the 
rapid march of events in 1939 confronted tfie publi8her.s with an 
insistent demand for a revi.sed and enlarged edition wliich was 
at once put in hand. 

The latter part of tins work was completed under the trying 
conditions following the outbreak of the second (Ireat War, 
but by a merciful dispensation of providence tliis country wa.s 
spared the full force of an aerial attack at the out.set and 
belated schemes for Civil Defence were tlurs enabled to jjroce(?d 
unhindered, albeit with feverish activity. 

War conditions have had their inevitable effect upon costs, 
but the respective prices given in the present vtdume may Ik* 
confidently accepted as giving a reliable comparison and are, 
of course, not binding upon manufacturers or contractor.^. 

C. W. G. 

London, 

November, 1939. 



PREFACE TO FIRST EDITION 

'rnK ineradicable instinct of self-preservation in man prompts 
liim to clutch at any straw in a vital emergency. 

l*:x{Xirienc.t! in war has shown that even the resourceful 
serving soldier all too often exhibits peculiar ideas of what 
con.stitutc.s udcqnatt! protection and shelters constructed 
without the exercise of the fundamental principles of structural 
stability have proved themselves to be the greater danger. 

Yet tlie mere act of occupying them has contributed in no 
small mea.siire to the maintenance of mental equilibrium in 
the streas of many a bombardment. 

In the presentation of this volume, attempts have been made 
to analyse the problems confronting modern society for the 
adequate protection of the dvil population, and it is confidently 
hoped that its appearance will not be taken as an acceptance 
of the inevitability of war, but rather as a means of focussing 
national attention to the moral necessity for the prompt 
preparation of civil defence. 

The author feels it incumbent upon himself to make his 
position quite clear at the outset. 

He has considerable sympathy with the sentiments of the 
idealist but is forced by consideration of the facts of the present 
position to abandon utopian ideas and come out in the open 
definitely a realist. 

He is not an alarmist nor an ultra-pacifist and has 
endeavoured to present and examine the facts fairly and 
without political bias in the fervent hope that Civilian Defence 
in all its aspects will be taken up seriously by the nation. The 
civilian population trained to protect itself will be largely 
insured against injury and panic and thus the great cities of 
this country at present almost an invitation to the air raider- 
will not present tactical advantages worth the military effort 
and risk in securing them. 

The appalling increase in the offensive power and suddenness 
of aerial attack makes even the hasty improvisation of defence 

h 
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PREPACK TO FIRST 


measures abortive aiul no ajMilogy is llierefore otffred fur tin* 
earnest appeal for prompt an«i iininetliate prnp sr it* •,»; tlrt.iilnl 
in tlse present work. 

The prices (juoted in this volume are given for the i onveni- 
enee of the reader, and whil.st every po. oiti -;) is taken to 
easiire their accnracy this is in rw» way ’o e sn;> > f All pro es 
are .Hul>j<'<1 to veriliration when the sja-eitie o ;r' jue 
ktimvti. 

The names of manufarturers are given, hut ■ e ■ are 
not made ttoi intended, neither is the list claimed to he < omjne- 
heiisive. What have f«*en described are inleiuleil as lypi« al of 
the respective classes of slu'lter or i 'tiip,':;. n? 

tietiera! .n lunmlrdeiu. ut is tnacle in the references to the 
many sources to which the author is iiulchteif for imu h of Ins 
material. 

Theautlior’s thanks are also due to authorities and > .e, .e ^ 

emimeniterl for p>uni- ■ioji to make usiMif inform.itnm su|iphed 
in the preparation of ilUistnitions, and m manv c.ise, lor tin- 
loan of ludf-tone hltH-ks. 

The author alsrr wishes gratefully to t ?!!- -.-,’ |,is 
indebtedness to officials of the Home (lllice for much valuable 
help and criticism in the preparation of the work. 

Views esj.ie sell are solely those of the author arul are in no 
sense official. 

Chapters are addressed to the layman as well as the arcliilrTl 
and builder, and it is Imjied that the iletails, w .iUu.t di.twing. 
and sugge-dion, herein contained will assist forward tiie 
humanitarian work of the proti*ction of the defena*lrs.s ritisden, 

C. W. ti. 

Jufy 7th, 1938. 



, t'hf H I., Juimiiil, Mmrs. C, I\ Aiulftsnn & Stm l.td,, 
A 4 »r»lm (*». !,ld., Bracey & ( lark Ltd., The 
KiluifliTtiiiK (*»., (’tmcrele I.Ui, Ciinjuint {‘oiwtructors 
he ( hutwmitl Safe Co,, The €hl<iri«le Bleclrkiil Storage 
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riu* author gratofuily .tikiutwliih;.*'. thf of th«; 

{’outroller of flis Majesty's Sf.itiiaeiy Oflke to te|iriKluie 
illustrations from Home Offire {niblicatioris Air Haul Ptr- 
eautioiis Memtuaiiiium No. lo Fruvision of Air Haul 
Shelters in Hasements," anti “ Directions for the Erec fitiii and 
Sinking of the (lalvanised Steel Slielter " ; anil of 

other illustrations .([■juMiinf; in Statutory Rule and Order, 
No. i)io "Air Raid Shelters for Persons in 

I'-ai ttuies, Mines and ('ommetrial Biiihlings." I hese illustra¬ 
tions have the following figure numbers in this volume: itJi, 
102, luj, lob, 107, 150, 151, 152, 15}, 154, 1K7. iHH, iSt|, 

IC)0, i<)5. icjtr. 243. 
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CIVIL DEFENCE 


IXIKOIII'ITUIN 


The jmsive defence of the civil population of Great Britain 
against aerial attack is a prodigious undertaking, and the far- 
seeing airraid precaution schemes of the Home onii'c, supported 
to the fullest jmsibb extent by Local Authorities, cannot 
st'cure rtiore than a modicum of success without the wlwle- 
hearted co-operation of the citizen himself. That the efforts 
to the prompt establishment of efficient protection must l)e 
piopnly co-ordinated is self-evident, and the reader is therefore 
urged to consult the official publications issued under tlie 
authority of the Secretary of State by the Air Raid Precautions 
Department of the Home Office, with the assistance of other 
Government Departments concerned. 

A list of thae documents is given in the bibliography at the 
end of this volume, and the reference numbers given in the text 
refer tliereto. 

Hie use of poison gas in war is forbidden by the Geneva Gas 
Protocol of 1925, to which this country and all tlie most impor¬ 
tant countrira of western Europe are parties, and the Govern¬ 
ment in their official publications state that they would use 
every endeavour on an outbreak of war to secure an under¬ 
taking from an enemy not to use poison gas. Nevertheless, 
the risk of poison gas being uiwd remains a pssibility and 
cannot be tliMVgardctl. 

The Air Warfare Rules formulated at The Hague in 1923 
state that aerial bombardment is legitimate only when directed 
at military objectives, the destruction of which would constitute 
a military advantage, and that aerial bombardment for the 
purp<»e of tturoriHUig or injuring non-combatants or destroying 
private property is proliilritetl 

Further, at tk World rcuffiv net' on Disannament, I932-33, 
the principle of the abolition of bombing non-combatants wa.s 
ampted. 

93, « « 






( IVll. IHil'ENC !' 


Recent events on the fontinefit and in ttie I'ar Rast have 
unfortunately denunistrated the fact that la jilare tim jiiiich 
reliaiire tijMtii the ijhHjTVaiue a( tln-He tniinaiutaDan : ■ ‘ 

is not justilicil, and that passive defenee of the * ivilian is now 
a vital necessity. 

h’or the caiivenieiice of the riMtlei a shnii ! : v of tet hnical 

terms twetl in this vohiine is given Iwluw : 

An Aikckai t Homji is a amliiiiief Imlduig high * s * ii- 

or iiteeudiaiv mixluie or gas, willi means of it* toii iting, 
burning, or di .> Ii.ijjdti;: tlie Idling. Ihe container is often 
referrecl to as the t wsK. 

Air Lock.-'A compartment or lohhy at the etitrance to a gas- 
protected r«>m or shelter which enahles jirrsons tci {»as# 
in and out without admitting gas. 

The Anuuk of fMFAcr is the angle which the lH»mh makes wiUi 
the vertical at tin* motnent of impact. 

Anu IhM Outfit,—T he materials providml f«ir ti. glaJis 
eye piece-, of re'.pii.ttai'. so as to prevent djjnsio!',;; by 
moisture. 

IUttfr.—*T he slopi? of the face of any earthen, stone or 
ni.caiiiy stnictiire which is not vertical. 

Blast means the p:. a:*- created by eNplusimi in the air 
which surrounds the explosion itself. 

Bt.tiAi iiiNO PowoKR. —Chloride of lime, cakitim hypochlorite- - 
a white powder made by treating slaketl lime with chlmrine. 

Not Very .l.dde, it readily givMUjU'iilorine when 
to air Mr water. Should he kept dry in airtight cantainers, 

Much uted for dcc*>ntatntt»atli«» of mustaul gas, with 
wbidh it Imtui a non-ve«iauit caiupama! 

Unadulterated it acts viokmily with the mwstawl gas, 
pr«i«!m ing tet, causing flame and driving ofi nutsiatd gas 
vapmr. 

Itedwre med with sand or fine ^rth, i put of tteeh 
to 3 pits dUuent, 

Borrovv-I'IT. An exiavation from which earth is taken for a 
prticular purple. i,g., Imildinp; a breastwork. 

Breahtwowk. • A tlcfcnce work of which the greater prtion of 
its height is alwjve grountl hn^. 
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iiKiSANCK is NhiiHt'iirig {wwer jadixirtiunal to volume of gas 
l>er gram x calories per gram X velocity of detonation x 
density. 

Butt. The thick end of a spar. 

The service ('.KH-iNt; of bomlHirs is the heiglit at which the rate 
of climb has fallen to a certain defined limit {e.g., loo ft. 
{wr minute -about 30,000 ft.), but 15,000 ft, is the 
probable maximum height which laden bomber.H would 
ordinarily attain. 

CoNCKNTKATioN refers to the <iuantity of chemical vapour 
present in a given volume of air. 

{«) grams per cubic metre. 

»(6) milligrams per litre. 

(r) ounces per thousand cub. ft, (approx.) 

—all ratios of weight of gas per volume of air. 

Farts per million is a purely volumetric ratio. 

T 

Fat ts per million —-mg. |xjr litre, 

* 00Q00161 M.F. 

wltere ’I* is the absolute temperature in degrees Centigrade. 

M is the molecular weight of the gas, 
attd F is the barometric pressure in mm. of mercury. 

An htihiliiti' mncentralioH is one which produces an 
irritant effect without impairing a man's efiiciency, and 
the lowest irritant eomaTitrution b often called threshold 
comenlrtUion, 

An intolerable concentration is one in which a man cannot 
exist for any appreciable length of time without impair¬ 
ment of functions. 

In the case of lacrimators it is the maximum concentra¬ 
tion a man can tolerate without masking. 

A lethal wnceniredion is one which sooner or later causes 
deatli. The numerical value is higher for the shorter 
periods of exposun*. 

roNiAisu-n,—The part of the respirator conlaining the filter 
and the gw absorbent. 

Con* rA.MiN.\i n».v. —The liquid or vapour remaining on an object 
or person as a result of exiaisure to gas (usually a peraistent 
gas). 


4 CIVIL i.Ci i i 

Di-.i’iiM \.\!i.A prmT» inlri»l«-*l to rnnovr the 

I.uuin.i^isi !•» leiulrr tt h.iniik'A'i 

DinctNATtoN.”—A I'Hv i-splosiw Ihuu' 4 In' u o| raiwd 

but a iugU «*»n>loMVi' lum lion** tit .i Cii inon; 
rajtii! in.iniii r known at ilrtoiiation 

I>(«;." A bar of iron i>( wliirli llir rn«li arc jM»int««! an«! Iwnt 
iimanh at light a a * h«r (a’»lrnmg hravy tiiiil»rrs 

Hi ., o(/i,-.All nsj 4 «'Sj.'j.>*.!n«l ^•halnllrr or ' ;• 

An ExpiosIVE is a whuh. on ajtjtinalion tjf a 

suitable stimulus to a small jw.itton *<( ihr is con¬ 

verted in a very short interval oj tiinr into other more 
stable substances, largely <»r entirely ! , * 

are termed low or high atroiding to the way in svhnh this 
conversion to the gawous stale tsuns l ow ,* 

'* sliift," but high *' shatter ' 

The Expeosive EAcroK b ' m teniH i»f the numlier 

of times the jiower of an ■ evceerb that of service 

black 5,■...•,>,4’s when uml in »r mine 

Eat: jis«} “111* part of a ie".|4ra!»*r wbicb covers the fare, 

FuaoMi M..viJ--5 is the rlistribulion of fragnirnts or splinters 
from a tomb wliieb takes place in all «lirw lions wiien the 
tomb detonates on the surface in the o|»eii, 

A Fujim is a means of 4-;.the filling of a Iioinb It 
may to instantaneous or may have action di-layed to 
any desired amount. 

(4a'*,'>'I nclude, any ad. .i?. ,, =4- solid, Ikjuid or gas, 
used in uw .for it* |»»»i*.onou'i or irritant elfatl* on the 
human tody. 

There are lliw* distinct grmifii of ih«e agents 
{«) Gt$w* which are ehenikal agent* winch have physio¬ 
logical ei^g odeuiated to ,r ... osl!i!,»iy 

jM I 

A p* which ■ tlealh is call*'*! a Mhal 

afsnt and othm whicti under field . 4 . cauw 

minor inlurtoi are irritant') 
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(fj) Snuikn which are used for scn'cniiij' purposes. They 
iriay be toxic, burn or corrtxie, but primarily they are 
used in concealment. 

(f) Iturndiarks, which are used to .start destructive 
hres, 

(ilfAlUKNT.- - A slope represented by a fraction, e.g., r/30 repre- 
setds a list! or hdl of i unit measured vertically for every 
30 units measured hori/.nufally. 

(luouNnsiiJ-. —The bottom member of a frame or sett used in 
work imdi-rmoiiud. 

Hydroi.vsis is the reaction of any chemical substance with 
water and if the resulting compound is poisonous decon¬ 
tamination by hydrolysis alone is not possible. 

Injurants are gases which are highly toxic and are usually 
lethal in their effect. 

Irritants are teinjwrary in their effect and are not lethal. They 
attack the eyes, nose and chest, and are sometimes called 
sneeze gases or stemulators. 

I A‘ Ki^t.\roHS causae inten.se temjjorary irritation to the eyes and 
product* a profusion of tears. 

I.UNO Injurants attack and injure the bronchial tubes and the 
lungs. 

N*<i\ t*i K .l u I N t Gas.—A gas which fonns a cloud (not neces¬ 
sarily visible) immrxilately it is released and leaves no 
liquid contamination on the ground. 

Gvi inn \i> Cover. —Protection by means of a roof, against 
splinters, sliells or bombs. 

Paralvsants are systemic toxics which exert a direct paralys¬ 
ing effect upon the heart and nervous system; they are 
usually the most deadly. 

When a iKimb paases through a target it is said to perforate it, 
and Pi'M'iKAit'iN is used to mean entry into a target 
sliort of Pi 141 ou A1 «(»N. The minimum perforating velocity 
is defined m that velocity which just allows the bomb to 
perforate. 

Pi usi ai NcY OP A Gas measures the length of time the gas 
remains in sufficient concentration to necessitate protection 
against its effects. 



(, ( IVIL hl'MXt t 

The persistency uf a combat cheinica! agent is inversely 
piDjx-itii'it.il to its rapidity of volatitiHiitiui). 

I’lKsiMJNT (iAS.~-A gas ill licjuid fnrni wliieh .v j h , 
sltnvly and so contuiues to give off 4 juri r*. ; vajMnii for a 
long period. 

The (oMMttlNl or f'uU'NIlAl. F.MIO.Y is the pliHhlft- 
vohmu- of gas jHT grant fiediued to normal t!?i | 
amlpo lU' ) • calories jwr gram. 

Kt:si*ii(AiMH. An apparatus •!• dem d to protect the eyes ami 
Uiiigs frciin gas. 

Si \ .11 n 1 i v.—The eastr with which a {Jt-rson is iiff««tix! by gas, 

SeiTl ocK. ' To mark out a line on the ground with llic jxiint *if 
a pick-axe. 

Sk>ii..—T he material resulting from any excavations. 

F.spuv.deni Static Pkkssuuk means that pr«-.m** wbich, if 
maintiunerl steadily upon the .structure, would produce 
the satire tnaxinnmr stress as that pt««!uci t! by the blast 
wave itself. 

The Stkikinc* Vt-icnny is the voti«Hy of a Immb at the 
moment of impact. 

Tempi.ate.—A pattenr, guide or motlel used to indicate tlie 
shape any piece of work is to assunte when fad hr e.g., 
wood laths nailed together to outline the section of a 
trench used to check the accuracy of the work. 

Towiix.—The top member of a frame, sett or case used In 
nmrk underground. 

A Toxi€.”~"Any substance which uppUed to the Imuiiin or 
animal (rrganwm-htternidly or externally is capable »»f 
causing death or serious interferetree in normal orgamc 
fimctnms. 

Toxicity is the measure of the toxic effet of a |«»isiinous agent, 
and is the measure of its concentration times the prfiimi of 
exposure to its effects. 

The flight path or Trajectory of a bomb is a ciirv'i' which 
would be a parabola in vaemt, but in air i* somewhat 
steeper. 
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TRAVKKsf:.- A buttress of earth provided between two adjacent 
iimti-tii, cjf a trencli for protection against, and to localise 
the rlfect of, Inirsts of bombs. 

Vl siCANTs are agents which exert a bli.stering effect on the 
skin. 

V’os.Atn ITV refers to tlie e;ip.i<-ity of a li<iuid to vaporise in the 
ojwn air and is tl»e mnount held as a vapour in a unit 
volume of air at a given tcmjrerature and pressure. 

It increases with temperature, and if tlie volatility of a 
toxic agetU is greater than its lethal concentration for a 
ten-minute it is possible to set up killing con¬ 

centration under field conditions. 
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PROBABLE FORMS OF AERIAL ATTACK 


Akioai. attack may Imj iiirnwl at • 

A, Naval, Military, Air t’orccs ami f^tablishtiicutfi; 

B, Industrial centres, systems uf supply and clistritjution ; 
or C, Tilt* civil pi.piil)!i<ai. 

*n»e iiiipinv<-im*uls effected in active defence measures 
ensure that enemy aircraft will Iw kept at a height that makes 
accurate bombing less prtssible, and intetulwl attacks timlei 
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the biid iii.ul la.ui hij. of the bomber and the brilliantly 
efk*ctive fire liKhting st»rvj(:e» by the London Fire 

Brigade-, (hit uf 354 incendiary lK)inbs on London only eight 
causerl fat.al ciisualties and seven other injuries. 

riie tnasimum nurnter of incendiary bombs which fell in 
l.ondon during one raid was 25H and these were distributed over 
a wide area .iv< seven Iwtnbs per scjuare mile. 

There is no reason why a ruthless and untiririg enemy zone 
iHiSiibiof; frwn a great altitude should not be aide to increase 
this roncentration a hundredfold, using incendiary bombs each 
many times more effixtive. 

'Idle increasa-rl use of high explosive bombs brought about a 
corre8|K>ndifig increase in casualties and material damage—an 
effetd also observetl in Paris. Out of 567 t-xplosive bombs on 
London. 144 caused fatal casualties and 74 otlier injuries. 

The total mimljer of casualties in lingland from aerial attack 
during the (Ireat War were 1,414 killed and 3,416 wounded; 
material damage / pnKluretl by 643 aircraft, which 

dj*»p|« v! in all 8,776 bombs weighing about 270 tons in the 
:4te About two-thirds was concentrated upon London. 

In (♦etiii.ifjy the numlrer killed by allied air raids is said to 
have fatten a.stx) and the material damage one and a quarter 
milltoni sterling. 

ddre above results were accumulated after four yearn of war¬ 
fare, but to-<lay an attacking force could drop as many tons of 
Immbs on a single zone in one hour. 

Motlern aircraft are not only iaipnior in speed, emrying 
«»{V and radius of action but they are cfiuipiu-d with highly 
«!< \ t iMjtrd navigation and flying instruments enabling pilots to 
fly through cloud and darkne^ unerringly to their target. 

Imptuvcd l»mb uT*.r ing apparatus aind sighting and calcu¬ 
lating .tti.mjt' iie ftf'. make the bombing of a selticted target in 
conditions of goerd visibility a c«nuparaliv«- certainty. 

One *«»c<a*»sful raid by modem bombers on an undefended 
capita! city could p.ir.tlyse esaential national services. 

tins, water and « h <i licity undertakings could be put out of 
action; docks, bridges and railway stations bomlwd to 
destruction, ti.msp at Hi-rvu-es, food supplies and fuel stores cut 
off ami tlovt-rniiH ut offices disorganised. 

A ljumbiiig sipiadroii could leave a continental base and be 
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over the metrojxili.s within twenty minutes ji .-s!! ;; ■ ; with 
the clechinttijm of war if not l>c*f<}re ! 

To-day htMuhiii},' inacliines would ai>jiro;uh at a ••iwetl 
exei;edinK 250 miletjwu hour and drinttliti«>n lM>ml»s 'weigh uji 
to 5,tKK> Ihs. apiece. Such i,s the destnuiivi’ jMiwer uf ihrw 
bombs that few, well pla< ed, would U* it> > a t •* :,f5 '• tci 
destroy administrative London ! 

Recent air nianu uvrcs <iver Loinlon have deinonstratisl the 
fact that .ippi.isiiii.tfi Iv 5<i jH'i cent, uf an attacking aeriid force 
would reach their objective in spite of active resistance Iry anti¬ 
aircraft and fighting .osj !.iu<- forces, luist tmxlern l»‘Us!-iuy 
units breakitJg through in daylight can la* relierl upon to 
demolish a target deliln'rately selected. 

The horrors of cliettiical warfare iuvi.U it(|; the indis<*rimirtate 
wholtsale use of lethal and bacteriological weajMiiH against 
concentrated civil populations of all ages and Isrth sexes, with 
its aftennath of mass sickness* and af.-ud in*; death, will not to 
lightly resorted to for fear of it ju i .il 

Nevertheless aerial attack may take the form of bombard¬ 
ment with high e\plM^iv«‘ tomto, in* >'ni!i.uy bombs, or gas 
bombs, and gas may to released from aircraft in the form of 
liquid spray or smoke. The heavier type of high eriphi ,(v«' 
bomb will nonnally to reserved for military objwtives but all 
types of attack may to cmiiliw ed simultaneously or in succes¬ 
sion. Contamination of water and food supplies may also to 
attempted as well as the dislocation of essential services. 

The dropping of <‘\pl<*'4vc bombs would destroy profierty 
and incendiary bombs would then start innnuifiatdc fires. The 
8 «l*equent tea* t>f gas would j>r««hicc the greatest demondisation 
of any population not highly train^ and dtHi tpruu d to 
resourceful .self help and ctnnagetiu*, fortitude. 

Tliere is no dcnibt that the scale of attack would be greatly 
Jn excess of anything expijritmced in the last war luid the 
fullest jKissihle usti of bivourable weuihcr cottditions would be 
mtde by m enemy. 

In a vdad the gas doud win be mpMly broken up. 
thotigh gas may be f»*rccd into unexpected pims by the wind 
prefwure while Ihtr c«>ucentt afion is still hl|^. 

II thm dioitM be no wind at all, or only a slight drift, the 
worst situation will arise, thoi;^ tihe efiecte wiU to mote local. 
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PHtJHAHJ.I-; FOHMS OF AKRlAl" ATTACK n 

A difim* rbmi of i^as will form at the [wint of burst and will 
retimiii in that jiaitrular area until it is gradually dispersed. 
It will lind its way by diffusion and ventilation currents into 
areas, rcdlars, tinuiels, etc., ami once there it i.s not so readily 
clean'd as the gas in the «fjK*n .streets. Once the gas has 
peneti atj i! into a roiifiiierl space it is not snlrject to the influence 
of the wind and air currents pnv.uliuf; mit.skle, and may 
rontmue to he rhingenius when the outskk: air has hr'come clear 
of gas. 

roih.ibly till* greatest risk is from the use of a irersistent gas, 
sudt as tnustarri gas, in « oujtun tinn with high explosive bombs. 
Material damage will Ire prtxluetfd by the higli <'xpl(i'.ive ; and 
the rnuHtard gas. whether ustsd as spray or in bombs, will 
render the task of resc niri}' and treating ca.sHaltk*8 more difficult 
and funeardous. 

1 he aim of aerial attack is to try to creatr? such a state of 
j»anie among the civil (xtpulatkm as to induce thenr to comjx;! 
their i\<<\ f\ mot nf to sue for jwace. 

I hut jianic can In; avoided if every man and woman knows 
what to do in case of attack from the air, and pi'ejiaratiou.s for 
defence are nuule turn. 

lAecemeal spasmodii^ efforts in a task of such dimensions are 
tmurui to be ineffective; ami the avoidance of promiscuous 
I up.- -t .ih-national expentlitme on protectivecomstruction can 
only Ik* attained by dost! ro-optmition between (‘.overnment, 
lajcal Atdhorities and the Building Industry. 

In Kud-iiid during the (Ireat War there were twelve deaths 
per ton of Irornbs dropjjcd, but recently in Barcelona these 
inermsed to thirty-two.*** 

With a reasonable degree of protection for the civilians, 
akiut twenty tleaths jjer ton might l>e espi* tisl to-day. 

'■ft ha* kfcn ast:ertainetl that in recent air raids in Spain 
and China 0 pr cent, of the casualties resulteti from bomb 
splinters, bricks, tiles and dibris scatteretl from imiklings 
which htwl ken flit, while only a per cent, were accountetl for 
by dirt*ct hit*."—Fi«««riW Titms, July ayth, 1938. 

Iti his Bresidentuil Address before the A.R.P, Institute on 
March f4th, 1939, Mr. Oliver Simmonds, M.A., F.R.AF.S., 
M.I.Ai.E., M.P., showed that in the absence of large siale 
fv.H u,tfk*n and dfident shelters we may take the casualtim 
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casmsiltiijs' v> V. lui.; ii quarter of a million {wr w«k ! Ha{»|»ily, 
till? statblks Ilf the recent rakl* on Barcelona and T.iu.igojj.i 
show that !i» shelters Irecarae widely available the casualties 
were reiliiciHl a.s follows r— 

liilM pm im. 

March, iqjM . 6 

May, iqjK . . j 

June, lyjS. . i * 

The cost of |»!<<vi«!h3i* ade(]uate protection per head of the 
p'pnhtion need not exceed, on the £A h-.'-. than 

the emit of a funeral I (ii it.iiiily not a {•lohiidUv*- figure), 
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and co-ordinated effort on tfie part of all concerned to 
provide nhelter accoinmmiutiou to tiie krality 

will do imicli to n*ndt‘r indtua.sive the foniw of aerial attack to 
be anticijnited. 

Tin air raid risks to a civil jmpulatiuii in a .. fiitbii;; order of 
severity can be siunniarised us in Table II. 

Hazards 

(a) Machine-gun from iarw-flying Aircraft 

A retnoti! mnfiiejfiH v effective only oii jwrsininrl in thtj 
open or on nuuy tnl road trafik. Taking cover in basrnnents 
of buildings or coveted shelters in the oiR*tJ affords mntplet** 
jaoliclion. 

(b) Gas Spray from Aircraft 

Released from a «ife flying height li«piid gas spray would 
KKjn vapmise and lx? tlis .ip.ilid intr> an inntKnious 
concentration. 

The drop formation of the {rersistcnt gast’s like mustartl 
and Lewisite can be maintained only when releast'd a few 
hundred feet from the ground. Such a d ney i*>ti. flight would 
only be undertaken when the target is considered of snlTicient 
impiitf.tncf, and then probably after an attack by higli 
explosive. 

Shelter in gasproof refuges affords protectitjn and tlecon- 
tamination adec|uate subsetiuent precantion. The hazarti is. 
htnvm'ei. considered to be a remote one. 
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'plane. The binning bombs and the re.sulting fires can be 
iI«mU wish as di'scribcil in Chapter 11 by t!ie standing Fire 
bigliting Serviees, Au.siUury F'ire Fighting [ll•rs^nn(•I, the 
piililic, or antomaficaliy by sprinklers, installed chemical 
l■^;tin^ie•lus oi anti-hre bombs, 

(e) Splinter# and Fragment* 

This is a very real danger.perhaps the greatest of afi to 

the jMjpuIatiun not untler cover. In some of the raids on 
London as many as one-third of the total casualties were 
auised tiy fi.igmont-. from our own anti-aircraft fire. Modern 
ronceiit rat ions of fire will be much more severe, and thus 
links from tins hazard will lx; intensified. 

SpliuteiN from bin ting bombs and fragments of dUbris 
p!..ji > ti d by ti’lekinesis effwts on tlie explo.sion of H.E, bombs 
juconnt for the largest projxirtion of casualties. Degrees of 
splinter si afforded by various forms of construction 

are, liowever. well known, anti these arc described in Chapter 11 . 

(f) fnrrn High Explosive 

High f vpl*' ive Iximba are undoubtedly the chief danger in 
an air raiil. Iflast i.s the shock transmitted througli the air 
when the «\p'M ii-u occurs, and its effects arc discussed in 
Chapter !L Except in the case of dirtnit !iit, considerable 

o rjjin ; fr<»m the efhxds of blitst can be securetl in shelters 


{$) {kmoUtton of Building 

This is a real danger to all housed in a town subject to 
bombardment from the air. It is met by the strengthening 
of baia!rm?nt shelters and the disjxjsition and protection of 
entrances ami exits ii> i-dU as described in Chapter VII. A 
very consiilerahle amount of demolition of buildings must be 
, *. 1 in an attack, as this cannot be avoided by any known 
ineiitti. 


(h), ()} amt fk) Hired Hit* by High Explosive Botni» 
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protection against the i ton bomb the i ton l>omb would l>c 
used against us. The risk from direct hits will have to be 
accti>te<!. 

(ienenil Foulke.s, in " Cornimm’Sense and A.R.I*.," statcfs 
that: " In an area within 15 miles of Charing Crass, containing 
a {wpulation of H| millions, the tKlds against a bomb falling 
within fifty feet of any particular sjKjt are two ami a half 
millions to one! ” ; but this is hardly a true picture of the 
risk, as the pupuhifiun is distributed over the area and more 
than one l»mb will Im; used I Nt‘verthele.ss, in recent riiitls itt 
Spain and China only 2 ijcr cent, of the casuailties were 
attributed to direct hits. 

Shelters must bt; of a nature to jiermit of as little interference 
as possible with the normal life of the community and national 
1‘xpt nditure on pas-sive tiefence measures must bt* adjustml to 
comply with the order of priority the t vigcm ii' . of the times 
dictates. The Government tli»,iumagf‘i the attempt to con¬ 
struct shelters that are «:i.mj»h*t» lv tombproof and .»{t|tiov<'s 
of the prnvi.Hton of the best protection pos-sible in the circum¬ 
stances, iibstuvini' discrimination in selecting arca.s where the 
bulk of tl»e money muft be spent. 
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Ceneral PrhMd^tes of Defeiure 

An air attack may possibly be Ireaten of! by the use of light 
and speedy fighting ’planes armed with machine guns and by the 
use of anti-aircraft batteries firing from the ground. 

The former wUl, no doubt, prove to be the first line of active 
deface and the latter the second. The balloon barr^ hits 
wnifiderable value in profccting large cities from aerial attack 
and is a defmMve arm of the fighting scrvU rs. l^astve defence 
by evacimtion, protective construction, flic fighting and gas 
d^Kmtaminatlott constitutes the lat^t line of defem^. 

Hmswehains— 

ITie dvihan in industry; 

First dd, gas d^»>ntamination, and amdiiary fire-fighting 
services; 

The standing dvic control bodice and public services; 
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Protective cuii;;tnu-,tioii, gas, splinter and blast proof 
shelters ; 

Balloon biirruge ; 

Anti-aircraft artillery ; 

Aircraft dcftaice stavices; 

'The fighting stavices 
oj.posing the air raiders. 

The Air Force 

We have graxl reason to be proud of tlic British Air Force, 
which, in fqnipinont, aircraft, instruments and efficiency, is 
second to none in tlie world. 

An attacking enemy can expect a liot reception and measure 
for measure by way of reprisals, and the active cngagi'mi-nt 
of the attacking forces will do much to .sustain the morale of 
the public. 

Summary of Comparative Air Power Strengths 

The first line strengths of the iniiu qjal air poweivs in March, 
1937, were estimated as below i— 


tabi-k nr 

U.S.S.K. 

5,000 machines 

Germany. 

3..500 

Italy. 

2 , 75 » 

France . 

2,700 

Great Britain — 

Home: Defence . 1.750 

Overseas . . 430 

Fleet Air Arm . 350 

2 . 5 :jo 

U.S.A. 

2,m)o ,, 

Japan . 

2,000 ,, 


First line ctunparisons are however apt to be misleading as 
resttrve {wwer, training and manufacturing resources have a 
dominating influence. 

By June, kj.w, it wa.s stated that Russia was cquipitcd to 
produce pliiues'at a greater rate than Germany, the warplane 
output of which was said to be 600 a month. 
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At tliat date (iermuny’s frcmt lim* Htrengtli was put at 
4,200 plaiips —2.500 of thorn lw»infKTS. O.ooliu SltJvakia havirtp; 
])roviilcil her with 75«) inachiiios. 

Our pioduc (iiiii at that tiuio oxcoodod i,<«io .1 iitontlt. aiul 
our first lino stroiigfh at homo am! ahroml oxooodod i,o«K> 
iiiaohinos. 

On tho failuro of our j)oaoo j'ostuios. tho world njio ut i* v 
which wo lolinquishod at tho oiul of fln' Oroat War hat! to Ik* 
rogainoil and our Air Foroo has osjH-nciii .-d a ph* n>tim ii.d and 
unprccodontod poaic tiiur inoroaso, 

By March, 1940, tlio K.A.I*'. man {Krwor will have Iroon 
increased to five times its irpjy .stroijgth, and we are well iiliead 
of progiammo. 

At the start of reannatnont we s{H*nt a mere 4J millions on 
aircraft, but at the present time wc are SjH-nding at the rate 
of ior> millions a year on this arm ! 

Other indications of national prcparerlness are the profxrr- 
tionate increases in the Reserve of R.A.F, Officers, R.A.F. 
Volunteer Reserve and the Observer Corjrs, 

" Look at this table, taken from the Ala d'ltalm. It gives 
the performance of Gennan first line aircraft in use to-day. 
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8« 

350 m.p.h, 

USomikm 

JJIMI 111 

He, 

in 

250 m.p.h. 

0JO niilrii 

4,4110 111 

Do, 

17Z 

250 m.p.h. 

500 iiiilm 

i,ioo 111 

Ju. 

87 

am) m.p.h. 

50C1 mik?i 

l,|fio Hi 

fliMm 

ipwi 

AfitmuMil. 


He. 

iia 

290 m.p.h. 

, S m.M- lunr .'ni*! 2 

1 Hlirll 

Bf, 

lOf 

320 m.p.h. 

. 3 to 4 U1.M !i!)»f !’sm 


Bf. 

no 

350 m.p.h. .. 

. 4 m.irbint' 4 ;)m .. 2 h 


" From this table it can be said definitely and > onrulontly 
tfcsat every standaurd British war plane now In service exceetls 
these German planes in range, spMid, ,trm4mritt, (piality and 
<iuantity.”* 

Our lieavy bombem now weigh over 10 tons, 40 per cent, of 
which is an effective bomb load. Spe^ are 100 m.p.h. and 
range 1,250 

* April lith, if 
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Ciiniwlii IS to iiiiumfiiclure for ns ftnir-cngini'd lionibers 
liuving an all uji weiglit of 30 tons, 10 tons of which would be 
in lioinhs. SimhhIs are said to be 300 in.p.h. and the range 
witlunit refuelling 5,000 miles. 'I'hey will lie armed with 
sinall <-annon instead of maehine fjinis. 

In less than two years, at the {iresent rate of develoimienf, 
<’(iiujt.iii-tl with that in otlier countries, Britain will have the 
largest and best air force in Europe. Quality of eiiuipment 
and excellence in personnel count as much as sheer mimliers. 

For obvious reasons this asjrect of the subject cannot be 
discussed fully but the data already given may be of general 
interest. 

It is interesting to note that at the time of the armistice (Ircat 
Britain had i4,tHK) serviceable machines against (iermany's 
and France's 10,000, and that Britain was turning out 
machines at the rate of 3,500 machines a rnontli—considerably 
in excess of that of the other two countries •**. 


Balloon Barrages 

Balloon barrages may be of the circumferential tyjie in which 
a ring of balloons anchored at about 300 ft. intervals completely 
encircle the city or of the *' field sited " type in which a random 
.lu.ingcmcnt of more widely spaced captive balloons covers the 
whole area to be protected. 

In each case the function is to prevent the low flying approach 
to the target and to keep raiding planes at heights at which they 
can be dealt with by interceptor aircraft and anti-aircraft 
artillery. 

Towards the end of the Great War *' balloon aprons " were 
used in the defence of I^ndon, 

A network of wires was stretched between a number of 
balloons tethered in a line, but the great height required to-day 
makes their weight excessive and their use over the extra-high 
tension electric aerial rabies used in the grid system a danger. 

Each balloon holds 19,000 cub. ft. of hythogvn, is 64 ft. 2 in. 
long and 33 ft. in diameter, and is handled by a lorry winch 
and a crew of ten who can move the balloon at will and haul 
it down at a si>eed of 1,400 ft. per minute for repairs or deflation. 

Each mobile unit consbts of a 30 h.p. six-wheel Fordson 
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tractor, on which is mounted a Wiki winch, ojxfratctl Uy a 
20 li.p. Ford V.8 engine. 

('onjjk'ti to the tractor is u four-wheel Bi<K:khoii»e trailer, 
with thirty-six red steel cyliiah j:. of hydrogen, each hokling 
600 cub. ft. I'kich unit weighs 10 tons atiii moves at }o tn.p.h. 
It 1ms a crew of ten under an N.anti it is ready to go into 
action at a moment's notice. 

'Ihe equipmenf canieti on the Fordson chassis includes 
everythin:; necessary for the rapit! inllation anti raising of the 
balloon. 

The balloon itself is paekeil ijito a valise stantling^ ft. high. 

With it are a tpiick-release (iller-couirlitig ; lengths of white 
canvas gasdug h>is>-; a gas valvt;; a ten-way hvdiM|;. n filler ; 
a saw, spade, pick anti crowbar, for clearing a sitt? when the 
balloon is to l>e mtxued in the open ; sandlrags tt» ballast it 
during inflation or when itHKJied. 

The ei|iii|niienf alst) inchules a chest of m o w pirki f , to 
receive the grtiund rrujorings anti designed to resist a pull tif 
tons, and a ineg..iphonr. 

Behind this is the wincli, round which is wonnd 5,tMM» ft. t»f 
steel cable—for low barrage. 

Each metnter of the crew ha.s his owtt jt»b to do; stxne to 
clear the .site, others to couple the go . in:; lio «•. remtive the 
balkam errvelope from its valise, couple the htise tt» tlte ten-way 
gas filler, unscrew the hvdiogvn cylinders, attach the rigging 
to the winch, and st) on. When the balltKjn is fully inflated, 
the snatch-brake on the winch is released and tlie flying cable 
unwitids itself as the gas lifts the balkwn at a sjK;t:tl of al»ut 
500 ft. per minute, 

'fhe balloons normally float at 10,000 ft, height and can ride 
a ninety mile per hour gale on an anchor cable of only 3 ram. in 
diameter. In the near future heights of 35,000 ft. are rsperfed 
to be reached and the sphere of usefulnem thus greatly 
increased. 

Clwer KiKu ing of the balloons is not thought to be neoessMiiy 
since bomber wing spans now apirnKtch one-third the distance 
between the wires and the chance of safe " in *’ and " out " 
pamge is therefore rMoote. 

" Field sited " urr:mg«*mt‘nts of balloons also increase the 
chance of contest and the electrification of the wires with extra- 
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Iiigh {x>tc*ntijil makes ctHitact with tliem fatal. Tlie wires are 
not visible l>y day ttr night. 

Decoy balloons charged with explosives can also be fired 
from the ground when hostile aircraft are in clo.se proximity to 
them. A “ stockade " of captive balloons round London on a 
ten miles radius would only re«inir<t 1,100 lialloous spaced at 
300 ft, u{«irt and would protect 2 (xi,<h)o acres of the Metropolis, 
the area within the perimeter extending from New Barnet to 
fjoyihai and from Balking to Twickenham. 

An.tug,rd on the " field sited '* plan little more tliun half this 
mimlKir would {irotect tlie same urea, but ou the other liaud 
more interference with search liglits and anti-aircraft gunnery 
is likely by this .inangeiueiit. 

Land Batteries 

Defence by lantl batteries of anti-aircraft guns is now a 
highly scientific organisation. 

The guns are of great accuracy, rapid firing and of long range 
and their manamvrability is truly astDuuding. 

A few of the problem.s that beset the anti-aircraft gunner will 
readily lx* appreciated. 

An .ippio.K bill.;; target moving at 200 m.p.h. and seen when 
five miles away will be overhead in the sliort space of ninety 
seconds! 

The projectile would innmally take fifteen seconds to cover 
the range, so that during the time of flight the target will have 
travelled 0 8j mile from the position it occupied in space at the 
imstant the gun was fireiL 

To be effective the sliell must burst within about 50 yards 
of the target, so that extreme accuracy of prediction is necessary 
to secure a " hit.“ 

AHhumiug the target continues on the same course at the 
same sireed and at the same altitude the predictions are 
simplified when the courae, etc. is known. 

This can only be ascertained after careful van};e fimling and 
successive ti igonomcdi u al observations on the plane. 

'fhe problem is further complicated by the troublesome 
“corrections" for wind, temiH*ratiire. barometric pressure, 
trunperatuie of charge, gun correction due to wear, slant range, 
droop of trajectory for the appropriale angle of elevation, 
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<u»mpfiwiiti(«i fur " dfiid time" of the gim'H crew after t!ie 
automatic setting of the time fuse, etc., to name but a few. 1 he 
need f<jr both speed anil uft iuat v in held cah ulutiuns is obvious 
and in tlie inuliiu' arraiigejnents calculating slide rules and 
curves were used to a large e.vtent. 

A very complicated but accurate tlevice im .tip^ialine, a 
sighting telescope and range-linder iii< <'h.U(it .ill} ♦‘pfi.itiu.!’ 
ci>iuiii n ..iti d calculating machines is now usetl. Ihis predicter, 
as it is calleti, gives the uspiired information in a few mtomls. 
and run be electrically connected to thegnn training tnetduinisin 
which automatically follows the predictet. 

Further devs jopmi-nt. on the basis of ranging from two 
distant jx»int8 of observation are anticipated and firing 
accuracy will Irecome more tleadly. 

" Sixjtting " corrections to jK'rmit a degree of ranging by 
direct observation are also being adopted. 

Concurrently with the devi'!u|»mi til of 8i«‘ed and increase 
in normal height of aircraft, the iinpio\cm.-uf of anti-aircraft 
ordnance continues. At the time of going to press there is 
news of a F'rencli anti-aircraft gun reputed to have an effective 
range of eight and a half miles t 

The subject is outside the scope of the present work l»ut it is 
hoped that enough luis f>een said to indicate that although the 
science of active defence is highly di vt lt.prd tfic need for 
tlioroughiujss in passive defence precautions is a very real 
one. 

Passive Dtftmce 

Dispersion of the population over a wide area to under¬ 
ground ga; proof sheitens is the best means of pamve defence. 
As, however, there may be no more than seven nnnuf *<. w .o mnr 
of an air raid emergency belters will need to be proviiled near 
all centrm of human activity. 

The use of Tube tunnels as air raid idielters is aMly forbiddim 
until the proper juecautiorw against flooding are taken. 
Some restriction or regulation of their use is esoamtial. 

The re^nsibiUty of providiri® real rfieltera—not death 
tiap.s in with local authoritimt, and it is the duty of each 
individual liousehoUler to do all he possibly «n himself for the 
protection of his famUy and his own home. 
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All i . of factories unci business jnvuiiscs i‘injil<»ying 

f»wr 5<J operative; are urged by the Air Raid Precautions 
Dept, to jirepure their own schemes for protection and to 
obtain fruju the Departiurut constructive criticisms of the 
proposals. Indeed, under the piovisiotis of the Civil Defence 
Act sudt tneasiires iMT.onie obligatory. 

In recent air raitl exerciwjs in Berlin the whole population of 
the city were under suitable cover within live niinutes and in 
any large city similar ai i.cmfiucnts ought to be made. 

The autlmritie.s have nigauiscd I'jiicrgency means of evacua¬ 
tion where necessary and rescue parties and decontamination 
services upplcmcnt volunteer corps of Air Raid Wardens. 

Wardens' chief duties are to advise their fellow citizens on the 
officially rt*commendtHl precautions against air raids; and in 
time of war to assist them immediately in any trouble re.sulting 
from air raid d.ou.tj;*'. to know how to Insgin relief measures and 
where to apply ftrr help, and {*t ju‘rally to act the part of a good 

ucij'hbout, 

It is the rluty of each individual householder to see that all 
who normally occupy the pifmisvs have a ga.sproof, splinter 
and blast-resisting shelter to which they could immediately 
repair in an cmcij't u' v. and the public are urged to take 
cover in their own slieltere and not to congregate in public 
buikltnp. 

A very great o* .|iou;.ibilify rests u|3on the members of all air 
raid piecautious services to set an <-x:miple of quiet courage 
and a»l resourcefulness in t iuvryciK y. and this can only be 
obtaln«l by careful training and a dear apprisuat ioti of all the 
facts. 

Prompt action may save life and j)roperty and will defeat 
the object of the raid. 
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DtflniHon 

A iKiMii is :i coutainrf for high t iv.’, gas or inwndiitry 
mixturtt, provklcd with an autuuwtie meatis uf 
(iistrifniting or igtiiting tlic tilling. 

Function 

The military function of a IkuhIj is to jM'iforate protective 
Cf»Vfiin|' or to jwnetiate a target, there to < ut*'jap,t. . destriio 
tion by itieaiw of fhaftning jnswer, etniHsioii of war gas or iiy 
incendiary (jffect. When s|K‘cial penetrative power is )t-.|iho-d, 
kunl) cases must Iw made strong eiunigh to withstand tlie shot:k 
of impact against hard surface targ(*ts and to jH'rietrat»! intact 
for delayed-actiotj detonation. 

For light civil buildings, submarine attack or against 
personnel in the ojxui a light tui.se Iwmb is all that is neces-sary, 
thus enabling the weight of the filling to Ik* a higli projxutifui 
of the totJil weight of the Ixuiib, Tims light case IkuuIis have 
a high chiogi-’weijihl ratio, 

In tut air Iwinbardment tlie three kinds of Iwunlis might Ik* 
uad expht4v«' bombs, iuct‘tttli.oy bombs and gas iKimlts, 
and a mixed load .if'itifc ifiui; two or three tons may lie carrictl 
by each bomber. 


Ciastdftcatkm 
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ratio .nfiMU {ujm’s ; jMiis' iiJjI use against substantial 

biiil-.linf; fur ik'Htructiun Iry {» urlMtiuu, ti-I'-kiric^is, blast and 
HUlillters, 

b) Urmnlitim. Mwlium iiisi\ Percussion fust;; use 
against buildings and light fortilications, penetration, blast 
and '.phnirs . 

(1/) (ffnmtt lUnftw. Metliuin cast*. Percussion fuse ; use 
against civil anti imlustriai conununities for impact, blast and 
splinters. 

(e) AnlhSithmarine. Light case kunb, delayed-action fuse ; 
depth duirge effect, jniju ipallv of concussion. 

(/) Light cast; iHunb with light percussion 

or gta/.e fuse ; jaiu* ip,dU ust;d against peisumu-l in the open 
with lilast iitjtl splinter effttets. 

2. Incendiary 

{<$) Medium cune intemive type designed to {>enctrate and 
set fire tt» bnilthu ' and bring the incendiary agent into direct 
contact with the materials to be damageil. 

{h) Ileapy cme inietmve type for attack on solidly constructed 
fortihcatioris, 

(r) Medium ease scatter type containing groups of smaller 
im eiidiai V agents icattejred by the explosion of the l)omb to 
set lire to readily combustible materials, such as hutments, 
grain hehis, wtwls, etc. 

3 . Ga* Bomiw 

(«) Thin erne chemical bombs with frcrcussion fuse. 

PmmM of Bwntw 

BomlM were Mugin.tlh' spherical with the object of securing 
the mtiximum * h.itgcVeigltf ratio, but their penetrative 
capacity was low, and as a «tuisi ipu nt e the streamline shaj^ 
was adopted during the Great War. The cylindrical type is 
now more fsu.t.dlv u«i, since tests conducterl at proving 
1*1..mu! and in wind-tunnels indicate that the resistance 
enconntcrwl m flight by w» ll designed cylindrical bombs is no 
gr«*.iti*i than that of the streamline type of high aerodynamical 
ref moment. **• 

rhe full effects of •.ft.-amluiing cannot be obtained, since 
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illiwiralini thu growth of th«! since the 1914-1^ 
war. 



tht urvrw^-,av itifCMjjntal'ioii of lugSt detoiiatioft control gear 




pvm the .tjijiiosimaltr outlines of various types of 
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bombs, and Fig. 4 the approximutt* rang*? of sizes indicating 
tlui growth of till' bomb since the (treat War. Tfie ratio of 
length to diameter will normally In; between font atid 
six to one 


The Charge/Weight Ratio of High Explosive Bombs 
The fhaij'f w( i['ht ratio of cylindrical high explu ivr bimbs 
depetuis alimtst entirely tlie wall thickness in relatioti to 
the diameter, ».<*., the thirkness/tliameter ratio, and only to a 
small extent njam the ratio of limgth to rliametei*,*^* 

The folhiwin*' table slnnvs (he relatitm IxJtween the i«‘ .pictiv.- 
functions for cylindrical fl.lC. bombs : — 


'rAIH.K V 



. 

1 IVstalHw ill Iti. KSlIllr llirll.. 



— t*. 1 

j *■ 4 ’ 

l.wstlllMkiiM 

111 

O'1 58 : 

..•if.;' 


P'llKI 

aci 

onwi 



iv 1 511 


o*o(io 

ivnyu 

fl*l III 


411 

0-045 


UHUI% 

li* II III 

511 

O-OJO 




im 

O-oiiJ 

cr«»J5 

11*1174 

ti'iijH 

70 

o-tuy 

oniiH 


11*11711 


0-010 

cHiia 

1 


irtilil 


Since the sectional area of the bomb has a d<»min.di}ijr 
influence uptm its penefi.divr power, the sectional den»ity ~ 
i.e., the weight in pounds per square inch of cr*Ms-s«ction—w 
of importam e than the density. The sectional density 

of H.Ii lamibs of various weights may be ascertained by 
reference tt> F*ig. 5, that for incendiary bomte varying b^wcen 
I lb. jwr «iuare inch for the lightest bombs to i lb. per laiuare 
inch for the heaviest *' hard n«*ie ’* incendiaries. 

Table VI gives particulars of bombs obtained from foreign 


sources. 
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Ill tile Hiitisli lldiiH* imbii Ju'.! Ihr luHowiiig 

(if typical (linicusidiw «if aircraft Initulw ® : 
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Typical B^mlw 

Typical iiwnliH arc iliustratwi tit I’ig, .5. Kit. t is a 5 <ki !l>. 
high i-HpId av «• iKimh of iCiigiish rttauufactiire, It is a strcamliiu; 
shape with two fuses niul a nutnlwr of (iettutators rontaiiusl 
within a brass tula?, which passi's throughout the leiigtli of 
the bomb. Tiie stt?el iKxiy is pressed out and the fittings ate 
attachifd ns shown ; the tins are in tnelal. the length of the? 
Iromb being b ft. and the diameter 18 in. ; tite liiling is trotyl, 

The second illustration is of a typical gas iKJtnlj of streainline 
form and of American manufacture. It has a liyht jin* cd 
cast*, a fuse with the usual wind vane safety device anti iron 
tins at the rear. 

No. 3 is a tyiJical incendiary bomb of the intensive tyja* as 
manufactured in America for the U.S. Air Service, riie tigme 
illustrates a I(k» lb. bomb of the intensive tyjre ftifisl with 
thermite and solid oil as the ptiiuip-d iinr iehur materials, 
The body consists of two main parts-^steel nost* and the shtsd- 
sinc hotly and the sheet-iron vanes attached. Solitl oil is run 
into the Iwdy in a heatwi condition and solidifies when ctsiling, 
rgnifidtt is efl«:ted either by a powder flash or by a btillet 
from the service cartridge. On landing, the thermite in the 
front part of the laxly is ignited and the great heat ly le i.iii d 
thereby «rves to volatilise the oil, which quickly teaimes 
ignite, burning with a trmendous burst of dame. ITacticaliy 
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t!jr vvhnlr «.) tt» lu.ilni.ils ill till* liomb ara burnt up when tin; 

Thi- ri.uilli ilhiNtrati.m h uf a typical incemliury bomb of 
thr Hrallcr tyj«-, It l oiitaiiis units. .,i; ,i ,|inp^ of waste tied into 
balls and ‘HitiiiatiHl with inllanunable materia!, such us a 
uiiKliiU' «»! 1 Hide and carlioii *!isulpbide, I’he units 

are usually a!«nit $ in. in diameter in the 40 lb. bond). When 
the bomb lands, it^mtimi and ejection of the nnits are effected 
by an - j ‘ i o of lilack {mwder in the nose of the bomb. A 
sirmiltaneiiuH . 4 b i..:i of a simtilet amount of powder in the 
rear assists in ^ the units ami in buisiin;* the bomb 

casing. 

'Ihe liftli illustration is of the kilo-electron Ijomb of British 
mamifiicture. I bis tyjH* of bomb consi.sts of a thick-walled 
«| in, long and in. iliameter, made of an alloy of 
lii.i oi' 30 !.j with a small jaoj.oifiou of aluminium. On one 
end of this tula* there is a tail 5 iu, lung to steady the bomb in 
flight, rhr tulM* is fillisl with a priming cmupoMtion of the 
therrititt’ tyja*. The tmmt* is fitted with an igniter, which may 
be situated either in the nose or in the rear end of the tube. 

The lamib weighs alKHit 2 lb. 3 o?„, and, with the exception 
of a few otinees in tfie tail and igniter, there is no dead weight, 
the whole being sis* rods.uy material. 

The lK»mb functions on imf»act, a needle in the igniter being 
driven into a small |n'»» iisdon cap which ignites the priming 
( ifst.is The Iximb does not rspliidc. 

It sliotdd Itc noted that, although this Iromb is often called 
a thermite Iwmb, or a themiite electron bomb, the main 
iucMudi isy agent is not the thermite composition but the 
m-M O* itmi tulte, whidi it not in itself readily inflammable. 
The prinutsi; Moup. ifuui btims for forty to fifty second.^ at a 
biop » .? u« of about a,5oo*C., and its great heat serves to 
melt and ignite the m lyu* bim tube. Tlie molten magm‘simu 
burn* for ten to ftfteen iniimteH at a Icmpcrafurc of about 
i.jrsi'’ C .; it may remain active for as long as twenty minutes 
and will «*t fire to aiiythlng inflammable within a few feet. 

During the first fifty ^conds or so, while the priming com- 
fwsifion is still buming. the bomb looks very violent; jets of 
flame me emitted from vent holes, and pieces of molten 
magnesium may be thrown as far even a« 50 ft. After the first 
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iniimtf (lie Innuh bfcumes less active because the luaj’ie-Muui 
tube melts and the pressure within is released, 

’l‘he thermite cdiiipusitiun contains its own o,xygen and so 
cannot be extinguished by smother, but the magnesium must 
get its oxygen from the air or surrounding materials in order 
to l)urn. 

The bombs would not be droj)i)ed singly, but wotdd l)e 
released from containers each holding ten to twenty bombs. The 
cotitents of several contsnners can be relejised simultaneously. 

'I’lic bombs spread out us they fall, and a group of bombs 
dropped simultaneously from 5,000 ft, would cover an urea of 
about too yartls wptare. 

Angle of Approach 

Bombs rained down from aircraft .seldom if ever approacli 
the earth in a truly vertical direction. 

The forward speed of the aircraft imparts the same hori¬ 
zontal velocity to the released bomb, and except for the effects 
of wind and air re.sistance tins velocity remains constant 
throiighiml the time of flight of the bomb. 

The vertical velocity steadily increases by the acceleration 
due to gravity, with the result that bombs fall through a curved 
path becoming more vertical as the height of release increases. 

The air resistance and its retardation of both componcnls 
of the velocity varies with the velocity, the sectional density 
and the shape of the bomb and with tlie density of the air. 
Fig. 6 shows the appro.ximate trajectories of bombs of sectional 
densities of from J to 15 Ib. per square inch released from any 
height up to 20,000 ft. from aircraft travelling with a horizontal 
velocity of from 100 ft. per second to 300 ft. per second (68 to 
204 miles per hour). Thus it will be seen that the angle of 
approach of a bomb may be anything from 30 degree.s for a 
l)omb of heavy se^ctional density released from low-flying 
aircraft to 87 degrees to the horizontal for light sectional 
density bombs released from a great height. 

Bombs may be released at any altitude between, say, 
25,000 ft. ami 1,000 ft., or slightly under, and the angle of 
incidence will be more influenced, at the lower points of release, 
by the horizontal speed of the aircraft. Released at a few 
hundretl f<‘et altitude the bomb strikes almost horizontally 
with the speed of the aircraft. 
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The Dynamics of Bombing 

riu! fiillnwiii!', fuiHlanH'Ulal hjiiiiula’ will Ik; IuiukI uf intcresl 
anti use 
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H 

is the mass in Ih. 
is the force in poundals. 
is the acceleration in feet fjer second jatr second. 

" g " is the acceleration due to gravity. 

" U " is the initial velocity in feet per mond. 

*' V " is the final velocity in feet per second. 

** t ** is the interval of tlnre in seconds, 

" S " is the distance traversed in feet. 

*' W '* is the weight in lb. 

K.E. is kinetic energy, 

StidOdi^ Vdodty 

The arrivahvfhH’ity of a bomb depends upon— 

(fl) The height of release. 

(fe) The direction and velocity of the aircraft at the Instant 
of rdease. 


where '* m 
” P 
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(() The air nwisturjct!. 

(d) Sectional density, 

(«■} Thf slsape t)f tin* liomh. 

The air resistance iin{KJ.ses a limit to the striking velocity, 
since a terminal velocity is n«iche<i when the air rtwistanc<* 
equals the weight of the bomb. The resistance varies inter 
alia with the square of tine velocity 

'I'he terminal velocity 

Vo 

» a 

Where Vo is the terminal velocity cornrsponding to unit 
values of Q and a, its value usually being boo 700 ft. per 
sMond, Q is tlie sectional density, a is a coefiicient which 
depenris upon the form of the bomb and the velocity. 

Its numerical value is approximately unity for velocities 
below 800 ft. per second, increasing to a maximum of 4 at 
1,500 ft. per second, beyond which the value of the coefficient 
decreases again. 

The striking velocity of bombs in practice will vary between 
4{K) ft. {>er second for ligfit incendiary bombs released at low 
altitudes and 1,500 ft. per second for bombs of high sectional 
density released at an altitude of 50,000 ft. 

The effect of dive-lmmbing is to impart an initial vertica- 
eiitupimcnt to the velocity of the bomb, thus increasing the 
striking velocity. The horizontal component of the velocity 
is reduced and the obliquity of impact on a liorizontal surface 
reduced. 
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I;il>lt> VII1 Kivfs t|jf .ijijiiKviiii.it- strikiiJH velocity 
aiul tlie ajiglf t4 anival It»i a boml) leleased fn»iii 4 plane 
living at 2fKi iii.p.li. !i(iriz<iiitaily anti at the altitmles given * 


Tlie Time of Fall of Bomb* 

The ihiraliiHi of fall of iHimlts does not vary greatly with 
their sectional tiensity and is alsti pi.e tii .iU% mtle{H*ndent of 
the air sjM'eil. 

It may he rulculateti fnnn the fotinuia 

.... t i tt ■ t V'iieight »»f relfttsa; in feet 

lime of fall m sectmtls " — 

4 

Thus* a lK»ml> released at ft, aitittide would take 

y/ih.otKi mttmds tt» reach gitamtl level. 

Brief particulars of various tyjH*s of explosive ixmrirs are 
given on p. it). 

According to a French autiiority, i^xplo .ivc- iKjmbs cost three 
hundred times as much |)er ton to manufacture as gas iMimbs, 
and fifteen times as much as incentliary bomirs.*’ 

There is little rloubt however that the cost of explo dv*- bombs 
wci;;hing more titan half a ton is so high, and the mimter of 
them whidi could be carried by each aeroplane b srt sinatl, that 
their use will be reserved for «tl)jt^t tivf>. of great military value, 
and they will probably not be used on civil populaiimis at rdl, 

The table below shows the .itlvant.n'r, of the smaller lajinb. 
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EXPLOSIVE BOMBS AND THEIR EFFECTS 

Generally 

KxjilQsivc bombs resemble artillery projectiles in their 
general effects, but as they are simply released from aircraft 
and are not subjected to the shock of discharge (‘xp<‘ri<'nred by 
the shell in the gun, they do not need to be made so strong as the 
latter. In shells, es{)ecially those of the arniour-picrcing kind, 
only about lo per cent, of the total weight is available for the 
high c*,\|>l()sivf charge, whereas in cxplo.sivt' bombs 25 -75 per 
cent, of the totid weight may consist of the high explo.sive 
known as Trimitro-toluene (T.N.T.). 

Explosive Isombs may be of two kinds : 

A. Fraiimentalion bombs, which are arranged to explode 
immediately uikju impact so as to produce a blast effect with the 
minimum of penetration, thus increasing the area of 
effectiveness. 

Ca.sualties are caused by flying fragments of the case of the 
iKjmb as well as by concussion due to the (explosion itself. 
Considerable material damage is also caused by the blast. 

When such a bomb strikes at a large angle of incidence to 
the vertical, fragments are blown upwards and cover a much 
larger area. 

Splinters may be thrown out witli velocitie.s up to 5,000 ft, 
per second and can cause death to people as far as 400 yards 
awy from the burst. 

The thickness of structural materials rcijiiired to resist tlie 
penetration of splinters from fragmentary bombs depends of 
course upon the distance from the burst. 

Protttctbn against splinters from 500 lb. bombs bursting not 
less than 50 ft. away, according to Home Office recommenda¬ 
tions, is listetl in Table X on p. 38. 

B, Demolition Bombs. Demolition bombs are fitted with 
delayetl action detonators in order that considerable penetr.ition 
shall take place liefore explosion. They may weigh as much 
as 5,000 lb. and their destructive effect is increased by the 
" restraint " caused by the earth or structure into which the 
bombs penetrate. 

A.P. (armniir piorcing) or S.A.P. (semi-armour-piercing) 
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bomte may not carry more than to per cent. t Apln ivt* and the 
frapaentation effect is reduced by pfiu ti tfiun. 

The effwt of such a bomb exploding underground b iimlkT 
to that of a mined charp. 

Tbe A.R bomb and the S.A.P. bomb are .}»« »idly »l<‘ .tgn*-4 
for attadcing very highly r«iiitant tarpts, ik) tliat agaimt 
ordinary structures the use of the Mghtw cam bomb may be 
cxiMH icd, thot^h the S.A.P. txrmb may be used occaiionaUy 
as weU. 

ifajcMT W. C. Shenmm of the U.S. Anny, in hb book, “ Air 
War fan*,” giw the following ffgures for the relative perform¬ 
ance of demolition bmlM in pi tHhu tiuu in 

The L.C.C. officW records publbhed in iqst*) under the title 
of '* The Council and the War,” riiow that the i.iwkj kilo bomb 
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Tahlk XI 
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dropped in London from a g^ant aeroplane on the night of 
March yth/Sth, 1918, on Nos. 61-67 Warrington Crescent, 
Maida Hill, N.W., totally demolished four houses, seriously 
damaged twenty others within a radius of 210 ft., and slightly 
daniagotl one hundred and nineteen additional hoiuses within a 
radius of 600 ft. This confirms the figures in the above table. 
The present day 5,000 lb. demolition bomb must have a 
destructive zone of 3,000 ft. diameter on an exposed site and 
the future may have in store for us a yet more destructive and 
terrifying monster. 

Fig, 7, ^ving graphs showing the probable effects of 
demolition bombs, is plotted from the available test results 
but must be taken as approximjitc only. 

It will be found of use in interpolation and extrapolation 
within reasonable limits. 

The effects of the bomb must depend upon the nature of the 
target, the angle of incidence and the velocity of impact. 

It will be noticed that all curves show a characteristic 
upward turn at the lower end—the smaller calibre bombs give 
relatively greater effects weight for weight. The bomb most 
frequently used weighs 500 lb. 

In Barcelona | ton " percussion ’’ bombs made craters about 
4 ft. deep and demolition bombs of the same weight craters 
33 ft. de«*p.“* 

A 500 lb. bomb fitted with a percussion fuse when falling on a 
modeni multi-storey Imilding would probably detonate on the 
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top fkior, bringing down a considerable part of the building 
with it. 

:\ similar IxHnb, fitted with siuiu-armour-pit'rcing nose, would 
iH-iu ti.ift* to the? basement before detonating and do consider¬ 
ably more damage. 

Protection from 5 (k> lb. high r.v-plosivi* bombs fitted with 
poieiKsion fuses would l«? afforded by a 5 ft. thickness of highly 
ri'inforeed concrete, whereas to stauire protection from a 500 11). 
Immb witli semi-armour (tiercing nose a shelter 60 ft. below 
grmmtl would ftave to l>e constructed, or the basement of a 
Imilding roofed with 15 ft. of reinforced concrete. 

When a concrete shelter is exposetl it should be constructed 
of a 22 in. thickness of reinforced concrete to re.si.st the 25 lb. 
high explosive bomb and light incendiary bomb. 

The (lermans confirmed that detonating bombs of 30a to 
500 kg. ust?d by the Briti.sh were capable of dt‘st roving multi¬ 
storey ljuildings. A 300 lb. demolition bomb struck the .sea 
275 ft, away from, but sunk, a submarine submerged 60 ft. below 
the water. 

The incompressibility of water makes it the ideal medium for 
the transmission of waves of concussion, and demolition bombs 
dropped in water have the effect of depth charges, 

A 120 lb. bomb sank ex-German submarine " V.117,” and 
the concussion damaged the condenser system of a ship one 
mile away.** 

too 300 lb. bombs d<?stroyed all the steelwork above water 
line of ex-German cruiser Frankfurt and a 600 lb. bomb sank her. 

Four bombs of 2,000 lb. dropped in rapid succession on 
ex-t»erman dreadnought Ost/riesland lifted her 10 ft. out of the 
water before she sank. 

Twenty-eight tons of demolition Ixnnbs were needed to 
destroy a reinforced concrete bridge in America, 1,000 ft. long 
and 20 ft, wide, weights below 1,000 lb. being practically 
ineffectivi?. 

On st)li<l rcK?k and mass concrete high explosive bombs have 
little effect, but a demolition bomb may throw up from 500 to 
900 timc?s its own weight of earth. 

I'ull-scalc? tests of the effect of a 500 lb. bomb on the service 
mains and sewers below a typical London street give the 
f«*ll(jwiii|; results 



42 


CIVIL I)KM'.N( M 


{«) All iiiiiiiis wm* shuttfml; 

(/<) Cast ir(»ii pipes were bieuehetl ItKtJilly ; 

(r) joints of steel mains were riunuigtHl for consitlerable 
tlistanies ; 

anti {(1) A sewer two brieks tliiek was eraeked.*** 


Forces Exerted by Bomb* 

I’he following are (he ftirees to l«* eonsuleretl in strnetiiral 
defence against direct hit by high i-spl*- ,i\ i- iHiinlH ; 

{a) Impact of iKimb. 

(h) Penetration of iKtrnb. 

(<j Fragmentation and pi t!efi.i!i..u of splinters. 

{d) Explosive forces, 

(i) On impact, 

(a) In an enchiml siKiee, 

(3) After {wnetrution into a yiekling material. 

(4) In close contact. 

(e) The .nfoinpanyiie; wave of concussiom 
(«) impact. The energy of impact of iKunlis may Im 
calcnlatixl from the fonniila 


Ki-: JmV'i 
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where W i.s tlie weight of the tomb in lb, 

V is the striking velocity in feet per sex;, 
andg is the acceleration due to gravity (32*3 ft. |)er second 
ptir seetmd}. 


Thun in the cmc of a 500 Ib. tomb having a striking velocity 
of 1,000 ft. per second, the energy of impact would be 
ft. lb. appifOvim.dfty An appmximate idea <tf the energy of 
impact may be obtained by calculating the pdential eneigy 
in the weight of the bomb at the instant of release. Thus a 
500 lb. berob at 16,000 ft. altitude would have a jartential 
mmgy of 500 x 16,000 ft. lb. Its kinetic energy 

at impiet wouM, bow* vet, be less than this owing to the effect 
of air icsistanee. 


The «tmr^ of impact is concentrated upon the actual area 
of impact on the target unless pfuefratifm fhttnigh or into a 
yielding material fint takes place and the impact load be thus 
^ributdl. 
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(b) Pmetf^ion, When the: bomb coinph'tcly perforates a 
protective diaphragm without detonation the hole made 
thi<»ii|;h it is iilamt the size of the boml), but when the objective 
is sufiiciently thick to prevent iwrforation partial penetration 
takc's place ami a crater is formed. The ztjtie of the crater 
deiwmis upon the cliaracteristics of tlie material, but is usually 
much greater than the .sectional area of the pivijectile. 

itefore {«:netration occurs a flat cone of material is forced 
off from the other sitie of the material hit, and the diameter 



OomM I lM«edi on multi Miti CSommittee <183&-40}. 
Poifiti t bued on vutuM glTon by Bimnt (1637). 


fif |»fi«tmtion (for iiiUt iectbiml dansity wkI v«lcK:ity). 

of this cone is sometimes as much as ten time.s that of the 
crater itself. The effect of impact varies considerably with 
the physic.d jnojH'itits of the material. When a projectile 
penetrates water great volumes are thrown out from the 
point of impact with t vjtlnsive force, and a bullet fired into 
damp clay excavates a crater several hundred times its own 
irixe. This effect is shown in the case of sand and gravel, which 
have a greatly increas*^ resistance to penetration at the higher 
velocities of impact. 

A bomb which strikes a material obliquely tends to preserve 
a curved path through the objective, thus reducing the depth 
of penetration. 
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the depth of penetration hy a constant. 

The Russian Anny . * 
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An oRkiiil Swiss publication contains the followiiif,' useful 
information, 

Tahi.k XIII 

Themkki icAi, Deeth oe Pi nmkation eor Demolition Bomus 
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Table XIV 

Tin uui-i n Ai, Defiti and Diameter oe the Shell Holes in 
Feet eor Materials in which the Bomb eenetrates 
AT least the; Whole op its r,i;N(n u (Demolition Bombs) 
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(t ) I'mgmeHiation atiii t>f Sf»iititi-rs. I'j.is tin tu.* 

fion is tlie distrihuti«m <»f fi.u^int ut or .jdiittfi. frnm tlm 
bomb which tukcs jdiuc iit ail tlitfctimis whcti the lM*ini» 
detonates on the stirface* in the oih-ii. The inaxirnum ronren" 
trution with resjKs t to the distriliutioii of etfntive fragnietus 
along tlje axis td the Ixnnb <Heurs fiuin the /.one of the eeiitre 
section of the IkmoI* utwl is sntuller Hiwartis the ends, |•t>r all 
pi.M tit a! jitn jio; < . it may lie taken that fragments are {irojtH-ted 
at all angles from the horixoiital np to fio degrei**. 

The momentum ut pui* *! by fragments is such as to carry 
them past the fjtoving gases and they r*»at h a distant tiirget 
liefore the blast pressure 

Tests canritstl out byexphxiing Iwimbs in a canister -obto! ! ;;• «! 
under water or in a sandbag enclosure have tiistdoml the fact 
that a |i!*tpo}li*»ii of the casing is often reduced to <lust and 
remains irrecoverable. The total numlier of fs.r. inrnt, from 
any ♦•rdln.uy bomb runs into thonsjinds, ami althmigh by far 
the upreater percental^ may weigh Im than t ox., tiiey may 
nevertheleiD be lethal to human treinp and animals. Ilie 
number of frapamti mnge* between a.ooo and 6.000 for all 
dxai of Inanbs b i*m ^ lb., and the average mm of each fragment 
t«ids to increast* with the weight of the bomb. 

Tlie maximum vrdodto attained by fragments arif iiormaliy 
aerptired within 10 ft. from the burst of iHittib, and may 
approach as nmeh as 7,000 ft. per sec. The Irttginent vtdi^riJe 
of course diminiihm mpidiy. due to air resistance at this 
iqpeed,&ndatabout^ft. from the bomb the velocities po tniMv 
lie betwem a,^ and 5,000 ft. per sec., the higher velocities 
being tMioclatid witib the ki^ tombs.* 
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TIh- avci.i^f i.uigf (if Ut)inl> fragnu'iils is about 500 it., but 
th« inaxiuiuta raiigt* if tlu; bomb is tiotonated abovt* ground in 
tile open may be as tmtcli as siiven to ten times this. 

If tilt* bomli liursts lielow ground the gross range may be 
iial ved t 

h'ragment velocity, weiglit and sliupe of particles determine 
tin: {Hmetmtive power of tlie .splinter and the deptli to whicli 
a given fragment will jametrate different materials may be 
taken very apprt>ximati*ly to vary inversely us the .specific 
gravity of the material in (juestion. 

The following approximati* formula for the penetration of 
splinters into wikkI is given in " Structural Defena^ " : - 



F depth of peiiftralion, in indies, 

M =« mass of fragment, in ounces. 

V •> velocity of fragment, in ft. per .sec. 

A =*• area of face of fragment presented to the target, in 
stiuare inches. 

K fa X‘4 X 10* for Douglas fir. 

It will be seen at once that the pent*!ration is a function of 
the momentum possessed by the fragment and also of the area 
presented to the target. Thus a long fragment will achieve 
greater penetration if it strikes the target end-on than broadside 
on. Indeed, the manner of striking, which i.s mainly a matter 
of chance, may determine whether it perforates or merely 
dents the target. 

Actual test results have shown that fragments weighing 
I ois. and striking Douglas fir with a velocity of 2,000 ft. per 
stx;. |H*mstrate about 5 in,, whereas fragments weighing 1/200 
part of an ounce and striking with a velocity of 2,000 ft. jier 
st«. |M*m;trute o*8 in. 

It would also appear tliat the amount of penetration into a 
vary soft .substance i.s practically inde|)findent of velocity. 
The volume of material displacesd does appear to be propor¬ 
tional to the .striking energy, that is to say it is proportional 
to the stpiare of the velocity, while the rate of destruction of 
energy near the surface of impact appears to be prujiorlional 
to the cul>e of the striking velocity. Greatest damage occurs 
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Iratwl (ItTifasiii^ as tlir fi.iiiiutiit . hkih* fli-cjily, 

riie eltfct produi ini Ity *1 InilU’t is httwi*v»*i suiucwliat iliHfifii!, 
siiict; tlii' hu!f at rntry is siuallrr tlmii thr t;avity piiHluml 
turlluT in vvhcit the Inillrt aj»jM;ars tn «Ifvi,ttr fmm )t^, path and 
Imsik up. 

The Perforation of Metal Plate* by Fragment* 

Wlifii IhiiiiIi fiaj^nu'lits attac k iniUl sU-rl j»lat«’s tin* J" !• > nt,. ■> 
itf piThiiatiiHis lit hits tfiuls tit itwmisi' with wi-if^ht nt Itumh, 

I hf iminhft <>{ hits anti omstsiuenfly ihf miinlMT i>f jwihirii- 
lions for a given area t»f target decreases rapidly with dislanre 
from tiie bomb. I•llr r the appo'vitn it' iuuidH«t <4 

pfifitiatiiin. through iih» stj. ft. tif niihl steel plate I in. thick 
falls from 4i at jodt. tlistance to 2 .\ at *iii-ft, distame, and 
4I from l(M)-ft. distance from a heavy bomb. It vviitiUI theiehne 
seem that the resistance to perforatiioi by fia}'n»« til. of 
roniposite p!ate.s of steel lailted tog«'tl»ei with mi intervening 
air gap is only in tti iiany impioveil if tlie resitlual vehaity of 
the fragment is less than 800 ft. |HJr sec. after pnf..satin;: the 
first platt?, Inir tfiis reason it is desirable to have the outer 
plate in any c«tmposite construction the heavier of the two. 
When an air gap is provided Iwitween two units of a s Ms^jpu ,in- 
plate a scab can lie more easily forcetl off from the rear of the 
front plate, thus (*•nd'•linf; the [lerforation of that plate easier, 
and if the fragment owing to its angle of • 1,- >■ from the 

front plate can avoid the scab, iierforatiou of the second or rear 
plate may lie assisted. If the fr.tymrid . cannot avoid the scab, 
jierforation of the second plate may lie hinderetl, 

Sunnn.iii .in);: the depth to which a bomb fragment can 
ptmotrate stmctural materials depends on the weight, size and 
shajie of the fragtnent, its velocity, the angle of strike and the 
materitd attacked, 

(d) (l) JRxp!i<st,T Force on Impad. The < sph. ivt force on 
impact com vnti.ife s its effort in the direction of least o i .i.ium , 
aM in the case of bombing this is usually in an upward direc¬ 
tion. The forces in the zone of expansiott, though im»mrid 115, 
are of exc^tionalty high magnitude, and, because of the suction 
wave effect, are difficult to translate into npnv.di id static 
loads. 

(d) (a) Exphmvt' Force in m Endosed Space, fhe conliniitg 
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of an f.xplusioii adtls f^ic.itly to its jniwri', ami nia'c tin- explusivi' 
lias bnfii " touchwl oil " no known torcc can prcvi'nt its 
completion. The flisrnpliv<' effects of tamped explo.sions are 
similar to those of concussion charges used in demolitions. 

(d) (j) fixplaaive Fnm’n after Penetration into a Yieldhif* 
Material. Tlu* effects of the e.xplo.sion in such cases are similar 
to tho.se of u burieii charge. The ma.ximum and effective 
radii of destruction may be gauged from the following. 

(tf) (4) Forces from K.xplosive on (lose Contact. As already 
pointed out, the violent forces of a high explosive near tlie 
centre of the zone of expansion may be .sufficietit to cut through 
heavy steel rails. In the ca.se of gun-cotton the charge must 
be tiglitly bound to and in close contact with the material to 
be cut through and only a few inches’ separation tnay Ih^ 
suflicient tti prevent the tiemolition desired. Thus it may well 
be in jnaclice that tlie charge in a bomb will never get 
sufficiently close to material in the target to develop the 
maximum di.sruptive effect and structural units like beams 
and stanchions will be disjilaiaxl witlumt actual rupture. 

{e) The Transmission of the Wave of Concussion in Solid 
Material. The earth tremors a<-companying the explosion of 
H.E. bombs are but one manifestation of the transmitted wave 
of concussion through solid material from tlie point of impact. 
The velocity of piojiagation deiiends upon the physical 
pioperfies of the medium, but <)b.servations appear to show 
that the speed is that of sound. 

For example, the concussion wave travels at about 17,000 ft. 
per second through steel and at about 9,000 ft. per second 
through concrete. This fact explains the observed disintegra¬ 
tion of ordinary reinforced concrete remote from the point of 
impact of a projectile striking the slab, and the marked 
improvement obtained when the steel takes a circuitous route 
through the concrete, as in the case of the .special reinforcement 
shown in Fig, 69, 

The magnitude of the earth tremor will, of course, depend 
upon 

1. The weight of tlie charge. 

2. The depth of penetration. 

3. The distance from the burst; and 

4. The degree to which the explosion is restrained. 
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Methods ul dealing witli earth tremors dim to liombin,'; are 
discussed in (diapter VII. 

The obsttrved efh'ct of a 500 lb. general pitrpo.si* II.1C, bomb 
fulling it! a street in Har<*elona, 100 ft. wide, with unframed 
multi-storey buildings on each side, are depicted in operational 
setpience in Mg, to. 


Blast 

Blast is a sh(M:k transmitted through the air when an 
exploaon occurs, Tlie hot gases geiienited by the e.xplosion 
e.Kpand and move outwards at a speed of about 7,000 -17,000 
miles per hour and push away everything in the neighbomiiood 
with almost itjcredible force. 

Uj>on explosion i| lb. (i pint) of T.N.T. becomes 15,000 
pints of white-hot gas, and temperatures as high as 4.000" (;, 
and pressures up to 150 tons jrer sq. in. may be generated in 
a liigh explosive armour piereing bomb. 

The exjdositin takes the fonn of instantaneous combustion 
of the carbon, hydrogen and oxygen atoms packed solid in 
intimate contact in the explosive. 

High «>\pIosivfs do not easily explode under shock or heat, 
but require a detonator of mercury fulminate or lead oxide, 
wiiich is set off by a blow or a spark. 

There is no nmre effective high explosivat for military pm poses 
than T.N.T., which was discovered in 1879,“* and the develop¬ 
ment of the " atomic ” bomb is so remote a possibility that 
it need not be considered. The development of more powerful 
»!xpIu',ivcH than those used in the 1914-18 war is not to be 

fXpCCtwl. 


D^onatkm 

In a high explosive the transformation above referred to is 
almost instantaneous and is called detonation. 

The speed of detonation is of the order of 10,000 25,000 ft. 
per »wnd, eompured vrith 600-1,000 ft. per second, for an 
ordinary «;xplosjv(; like gunpowdttr. 

The speed of detonation has a dominating influence upon 
the lootlised shattering power of a high t!xplosiv«t. as is 
exMapiifled by the case of the use of i lb. of guncotton, which, 
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fill tltiiiiiatiu'U, will «*tit tlitaigli »i r.iit witli wIih li it md\" 
tH» ill rluS'C c'liiitai’t, wltrri'its ud .uiiimiit hI will 

priicliicr lilt* same* 

At tltt‘ vvntrv of till* of a liigli ja^-.ivr' .iint fur 

a racliiiH of Ilirro tiiiirn that of tlu* rfiaracIrriHtir oralrr tii niift 
oailli t!ir r\[»jn''"4Mn in jiropagatod at Ihr vrloi:ity of lirtuiialniii, 
Ihitsiiii* this ZiHU* of tltii'i* is a itii|i4r.iitH|iittitiial 

lilanl wavr wliitli inay 1«* Iraiisoutinl to rorisiilta'ablr diHtaiti'os 
at tlir of sound ill air* say. t.i«»o ft. fifr 

HOCOIld. 



I'rciiii Jnkm$ii0rmkt0 d$f Ck^m. Tmk. fivkkmmAkiii ri|„ 

l'tiiiitrchrii?ic:hrr IailtM*h«t«/' Iferliii* 0:114. 


The zone of i is defined by a radius which may be 

calculated from the formula s^C, where C is the weight of 
the charge in pounds. Thus a 500 lb. bomb having an e?(|»lie4v»* 
charge of aoo lb. may be espet ti d to have a zone of es^pan^ion 
of 2() ft. radius, outside which distance targets would f>e sub* 
jected to blast. Fig. ii shows the form of the blast wav© from 
the detonation of i ton of high i'xpludve 500 metres away and 
" dotted " the form of the same blast wave at twice this distance 
from the source. 

In each case it will be swn that the peak of high pre«iure 
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is irnnu*(liat«*ly folinwecl by a reduced pressure or suction, and 
that the duration of the wave is the same in eacli case. It 
will also l)e noticed that the intensity of the blast pressure 
does nttt fall off in accordance with the law of inverse squares, 
but that the diminution of pressure with distance apparently 
folhm-s a linear law. Thus outside the zone of expansion blast 
may he transmitted considerable distances without material 
loss of destructive jtotential. To double the distiince outside 
the /.one of expan.sioii no more than halves the pressure*; blast 



iCtmrtmv (mi, C’.li.l 


pressure is roughly in inverse proportion to the distance from 
the e.xplosion. 

Fig. la shows the approximate form of tlie blast wave in 
air outside the zone of expansum, and is interesting for com¬ 
parison with the previou.s curves in that it shows the same 
general ft>rm, but a shorter duration of the wave. The duration 
of the blast wave increase's with the weight of the charge and 
the limits which might be «‘xpected to obtain in practice may 
be taken as one-hundredth of a second for the smaller bomlw 
and one-fifth of a second for the heavier. 

Blast Wave 

Initial phases of blast and suction for 500 Ib. medium-case 
H.E. bomb » arc given in Table XVI. 
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Taiij.k XVI 
WaVIU NJ.TH i-T. 


ktm* HuHd< 
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5'0 
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70 
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1*11 
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.V 3 ■ 

: ti*«| 

f>t» i 

i .!’*» i 

! 

t«K» 1 

: 1 

1 u^H 

lio i 

! »7 ; 

ti 7 

140 i 

I fi ! 


.lt»o j 

1 fo I 

i ‘'--I 

tHo 

07 

i “‘i 

"itMl 1 

1 0'4 



TIh! total duration of positive and phjises at any 

distanca; is 33 iiiilli fiood.. the p<j»itive phase varying from 
B to 5 milliseconds. 

Thus it will l>e seen that the blast fr«»m a 5i«> lb, ll.K. 
bomb causes an instantaneous increase in atmosiiheric p*' m - 
equivalent to alrout 30 times that prmluced by normal wind 
preasurc, say Fto lb. per sq. ft. 50 ft. from the hurst. 

This, letwrvi's, lasts for but six-thousamlths of a 
second and the reaction inmn di.AfeIy following ri.?suU« in a pull 
in the tqnKtvih* dtetion. Windows in bniklings are «»ften 
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iHjiial to oi gteater lluui tlic maximum prossurc in the 
bliist wave*. 

The apjtiuximalf natural frequencies of buildings and 
structural elements are given in the table below. 


Tahi.h XVII 


\p|no\i.uivitf Hvcriigo 
ii.ittnal fifi|iiriicie«. 

c'yfttm |«*r Ht‘om«L 

Buildings, 400 ft. high ... . r 

o 100 .3 

It I, • * a a a lO 

.(I in. brick wall panels of normal proportions , 20 

b •> i> 11 I. 11 ■ .5.5 

I.5i .. M I. I. .. a 45 

Windows, leaded lights, 30 x 24 in. . . . 25--.^r 

,, 21 07 ,. pane, 30 x 24 in. . . . 60-70 

„ ,. „ 24 X 24 in. . . . 


Thu.s windows, partitions and liglit structural elements of 
high natural freqmuiey are likely to be subjected to .static 
pres*.ures comparable with the maximum pressure on the blast 
wave, and masonry walls and low buildings may synehronist! 
with the blast wave of heavy bomb.s. 

In general, for targets of comparable .static strength, those 
{»f higher fjeciuiuicy will be more ea.sily ruptured by blast 
than those of lower frequency. 

The blast from a J ton jjereussiou bomb will knock down an 
ordinary house at 25 yards, and a i ton bomb will do the same 
at .50 yards. 

Investigations tend to show, however, that buildings of 
nt»rmal strong construction will not be seriously affected by the 
blast of 50a lb. high explo.sive bombs bimsting 50 ft. or more 
away (see Chapters on Shelters). 

According to an official Swiss formula the approximate blast 
pressure at any distance from a high explosive bomb cxplosiitn 
can be calculated a.s below: 

lb. per sq. in. 

I\* 


P 




56 


(IVIl, KKFKNC!-: 


Tahik xvin 

TABt l': (H- I-:yPIV.\M NT STAHi: I'KKSSJ.’KTs AXJJ StJt riON ON 
SrUlM THUliS .M \'AlUt*t!S Fl<i:yt‘l N« ll -i nl ViBUATION 
WHI N Si’Hjl i ll-Jj in Ht.Asi i A 5 <m» 1 )s. 

( ASI; H,K. lioMIt 


I''|nsvs»irul P* 's 3 *«. 


\ |llf4|ll«*ll *4 

Slrurltiial i 

Uf 3|is»» I| 

I 1* 

atl l>>. II I*, 


lit Tyi IiKft p«c» *n ^ 
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K 
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5'’i t 


.}K 

fn \ 

1 i*c|i 1 

5*'* i 

5-u 


i i 

1 i'«l i 

5'*4 j 


.V' 

1 *.f : 

1 9^ t 

j I 

5‘5 ; 

V" 


whiTt* Q is the weight cNijIiiHiv.- in 11>. atut K is the clistitnce 
from the explosiion in feet, This forrnuhi gives a result which 
agrects le.j .uii.thly with eNperimeatal ohservatiotii when k is 
not excessive. 

In light doors, windows and ptirtltbns the .?.d 4 li itsy cWt*ct 
of the inertia to resist this instantaneous |nes:a«*' miiiit te 
neglected, but in heavy massive construction this effect is 
aitirtii'iahit*. 

The effect of the wa%*e of blast pn >titf on an elastic* yielding 
medium is to impart to it a certain amount of momentum 
jjer unit area, which can be expressed as MV » Pdt, 
where M is the mass of the partition per unit area. 

V is the velocity imparted to it. 

P is the pii SMtie acting at time t. 
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The kinetic energy prottucecl in unit area of the partition is 
|MV3 ^ ^ 

'I'he survival of the partition depends upon whether it can 
alworb (he kinetic energy by elastic flexure or l)y its inovenuuit 
as a whole, 

The energy to be absorbed is inversely proportional to tlu; 
w«‘ight of the partition per stpiare foot. 

The duration of the pressure pulse is an iinpoitaiif factor 
in the production (tf hIh* 1 I shock, and authorities agree that a 
pressure <»f from iK to K) atmospheres is necessary to pnKlucc 
piim.uy shfK'k. 

Blast fnun a neaihy hurst would blow a man to pieces, but 
more distant bursts may kill a man by paralysis of the breathing 
without visilde wounds. 

INCENDIARY AGENTS 

Incendiaries used in warfare may take the form of one of the 
following:— 

A. Spontaneously inflammable materials: 

(1) Solids like phosphonis and sodium. 

(2) Liquid.s, such as phosphorus di.ssolvcd iu carbon 

bisulphide and zinc ethyl. 

B. Metallic oxides sucIj as thermite in its various forms. 

T. Cotnbustible oxidising mixtures like magnesium, barium 
nitrate and linseed oil. 

I). Flammable materials such as celluloid, .solid oil, resins, 
pitch, etc. 

Sponttuneously Inflammable Materials 

White pho;;pht»ru-< has the property of igniting spontaneously 
and burning vigonnisly when exposed to the air. 

ritough now primarily a smoke prtKlucer, it was much used 
in early incendiary projectiles and bombs directed upon 
balloons and light inflammable material. The phosphorus 
rapidly burnt out with but a low b-mpia af ur<-. and this rendered 
it unsuitable as an incendiary agent against modern more 
fire-resistant structures. 

Timed to burst in the air, ]khos|(horus-filli*d projectikts rained 
tlown burning particles on personnel with considerable effect. 
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It was iiswl rxtcnsivfly in tla* \Vt>rltl War m small arms 
aimiiunitioji and us tratar biillfts f(»r macliinw guns. 

White plio-.jiUi)! II'. is pnalurcd by heating ealeiuin ptiu .pl.'.ttf 
rock in an rlertrie fiiniace and by tiukkly cooling the va|Kiurs 
<listilh'd. 

It is a jmtty-Iike heavy solid winch melts at tli 'F. ami 
boils at 5}')’ !•'. thving t«> its chemical activity in air it 
oxidises with the geiieratioti ««( heat and llame binning 
jdiospliorns |)cn!oxide; 

•1 1’ i ,1^3 . jl'jOa 

which, cniiibiniii!', with the moistnre in the air. forms phosphoric 
acid : 

zPgOj i bllaO - .lilal'O, 

White phosphorus is the lH*st sjnoke ptMi}t}*«5. as i lb, of 
phosphorus makes .yaj Ih, of plmspfioric aci<!. 

It must he kept and matiipuliited entirely under water to 
prevent siwintaiiTOUs ignition. 

S&dium (Na) wjts the filling used by the (ierinans for their 
larg«it inccndi.uy shell, 17 5 cm. 

It is a soft rnetal lighter than water. It melts at attK** F, 
and iKiils at 1,382" F. 

It is obtiiirusl by ct*i fi.ih a. of common salt and when 
brought into contact witli water dci ..in|i.t,>', it on tixidation, 
lil>erating hydrogen and generating great heat wliich ignites 
the gas. Tlui-s, to lie effective as an incendiary sexlium reunite-, 
the presence of water which retards the sprtiad of fire. 


The ideal liquid inasndiary stiould be spontaneously inflafn> 
mable on expo no- to the air, should have a positive anti 
pttnetrativo efft-ct and be easy to transport and handle. 
Various mixfuros having the desired ptopriji. . haw bun 
i votvcd, and perha|HS the most effective contains }»!*.* plunu , 
carbon disulphide solution which starts the fire, and fuel and 
tar oils which maintain it. 

It is jxissible that such mixtures might be released by low- 
flying aircraft with comidmble eflectivencss. 



BOMliS 


59 


Metallic Oxides 

Commerciat tlunmitt! is u loose mixture of 23 per cent, of 
finely (livktecl uiuminiiun and 77 per cent, of granules of 
jnagnetie. iron oxide. 

When ignittxl the mixture reacts as bolovv prodmung heat 
exceedingly rapidly and raising the tetnpcralurc of the reaction 
to 3,(K«)” C.’’* 

H A1 -f" ’** 4AljjOji | 9l‘<‘. 

'l‘he iron rim.s away in a molten state and tlie slag produced 
conserves the heat to a considerable extent. 

In bombs and projectiles the thermite is in cake form bourn! 
with a suitable substance like sodium silicate. 

Various jufJiiortions of ingredients are used to give (piick 
firing yet delayed consumplion. 

Oxidiiii^; Combustible Mixtures 

The.se contain an inorganic oxidising agent and a com¬ 
bustible .substance variously projxirtioned to comply with the 
widely differing nxiuinuiHUits of incendiary projectiles and 
bombs. 

They are usually intermixed witli a suitable binder and 
compressed into the shell or Iximb, the device being provided 
with a detonating primer which ignites the contents on impact. 

For further detailed particulars the reader is referred to 
" ( hemicals in War." 

Flammable Materials 

The {u ineipal uses of these materials are to act as secondary 
incendiary materials which, carried to the target in the projectile 
or iKimli, prolong the incendiary effect of the primary, which 
must be spontaneously inflammable. 

In incendiary liombs of intensive tyfie the body is divided 
into two sections, tlie front portion being filled with thermite 
and the rear {Mirtion with solid oil throiigli the middle of which 
jMsses a thermite core. 

A nose fuse ignites the thermite on impact and the oil is then 
melttxl and ignited by the heat generated. 

In the scatter type of bomb, small units of flammable 
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imterial satiiraln! with vU\, ;irv sratteml .itMuit the 

target on iiiijKU't iiiititn' the aetitai of a hast* fuse, 

INCICNDIAHY BOMBS AND THEIE EFFECTS 

An ineciifliary iHaiih is usually in the form of a sinatl 
alumiihmn t*yliiiiler Ijlha! with thermite, a iiii^iture of altiiiiiiiiitiii 
aiitl iron tmide, wliieh Iniriis a! a limiperaliirt* of jaioo'" (', 

(5. 1'.). 

rhf fusi's of siiiiH' itiffinliary IkihiIis arc ma«ii‘ <*f clcktmn, 
iUJ inllaniiiialrlf alloy til in.(;:?!) iiiiu, aluniiiiiiiiu .itiil zinc. 

The Irornb has a {rorcusHinn ignition rjcvie i’ which sets light to 
both the contents an<l casing, wljich hum virttaon ,!v with it 
dazzling • light for sr*ven to te«> initnites. 

Bornlrs of the .sr'utter tyin* have a small > ivc j-harge 
which throws off six or eight " pujis," which Imrn sotnr 
distance away from tlie parent hoinh. 

Thermite hunts indejn'iidently of a s«i|iply «tf air the action 
of burning <icc.aiipo4nc tin* irmt oxide, thus lilnTatirtg molten 
iron which Hows alrout and spreails the lire to atiy combustible 
material in the vicinity. 

The burning Ixjmb itself cannot In? extinguished by water or 
atjy known chemical means and is therefore thought to Imi the 
greatest {xjtetitial danger to a civil«oniiminity. 

'riie weight of an incentliary Ixrmb may b<t attything frmn 
I kilo ( 2*24 lb.) to .y kilos (7.{ Ib.). but the kilo incentliary iKimh 
is expected to Ije the mmt generally used. 

By its employment each bombing machine is capable i*f 
starting no less than too fires, and were the mtKlern highly 
developed incendiary available during the tlreat War the 
attempt to set fire to laindon might have had very different 
results. 

An examination of the map of most cities wilt bring to tight 
the fact that approxinudely only 17 {ler cent, of the total 
area is ot i:npi<‘tl by buildings, the rest of the space living tiikrri 
up by gardens, streets and ojien spaces. 

On the other hand, the bomb does not approach in a truly 
vertical dirwttion, and the area presented to the target is of 
the order of sto to 35 per cent, of the total plan area of the 
city. 

• Sfilirce Intf'UMty alKiwt eaiicHc fxiwer,** 
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Ketimrki, 


1 niijM-MltUr id thf :iUU. 

MIeftric fyrniu:t». 

riiKKMiTi-: iiuMii 


'rutigHlrii filariUfiit. 


Klrctric liuitp lihiiiwiit. 


MiUHhiyg ttniip. |H»rci** 
tain kiiih 

^‘iniHiu^g Unnp. Iir«- 
brick kiln. 


FiniHhinglcinp.|>i|Hjkilii. 


^ A bright coat fire. 

** Critical *’ tarnp, for 
Htrnctiifiil steel* 
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OKFIHKS IN 
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Timtwr ignitex, 
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Tirntwr «corcbt*t!. 
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It may lliiirlmc In- Hi,it 40 }» 1 cfiit. nl lln' l>i<iiil»s 

(linjipi'il (111 .1 (ity will lilt .1 Ijiiilditig. Assuming that only 
5 n per cent, of tliese are elteilive, each h«iniber cm lying i,<h)o 
l-kiln inciiidimv Ixmihs entilil thus c.nise no hnvei tli.m iihi 
tires, 

Sonic idea of the intense heal generated hy the llieiiinte luanh 
can he jiniged hy < on .ideiine the heat chart o pio!!!. i-il. p. (ii. 

ICvei! at 2,oi>u' h', the lieat glow is ineamlesieiit at a bright 
orange colour ami structural steel has long sime passed il« 
*'eritieul " tcuipeiMtuie, i.e., the tempemtiio at which its 
ultimate strength falls ladovv its normal working stress, This 
fact t*mphHKisi.*s the nee<{ for the eunstruction of htiildmy,. in 
such a way that all loatt lK-aring memlKTs are adecpiately 
covered with a iire-resisting or insulating material. 

The reader is referrttl to the London County Council Hy laws 
which give safe legulatiote. for fire-resisting construction. 

Owing to its heat rrem tathig piopeitic , thermite is used for 
welding steel, but various impiincment have Imtii made in the 
material to render it more suitable to war puriK»se» in iKiinlw. 

Sulphur and iron pyrites are sometimes imoip..j,tfed to 
obtain a quicker firing mixture.** 

THE KILO INCENDIARY BOMB 

GetMtndly 

This bomb is likely to Iw the most frequently used. 

In action the bomb dtxis not esplo.!*-, and the fumes 
gi'iierated are unpleasant, but not dangerou. 

Whilst the igniting 1 itnqHamd is burning the liotnb gives a 
dueling light; burning stmrks ore thrown off, some 10 ft. 
distant. These particles can cause bums, and may ignite 
curtaiM, bedding or othw combustible material. After almut 
a minute, when ignition is complete, the bomb case continues 
to bum !« vigorously and at a lower temjM>ratute the 
incendiary effect ila n htcom^ lew Intense but mon- piohmy. il, 
and the bomb will bum through an mq»iotecb-d mh»«1 ( n 
unless dealt with. 

TTie ponetmtlng power of an imcndi.ny bomb is uiually 
hm than that of a high esidosivi* bomb of the same weight. 
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ll»‘ sectional cU'iisity o{ tlte former being upinoxiiiiaifly | lb. 
{Hn' st{uart! inch- about a quarter of that of the latter. 

The terminal velocity of the bomb when droppeti from any 
lieight is usually of the order of 400-500 ft. per .second. 

Normally the bomb would penetrate any ordinary roof of 
tiles, .slates, corrugatt'd iron, asbestos sheeting, etc., but it 
will be arre.stetl by a reinforced concrete roof if this is at least 
5 in. thick. 

In the case of ordinary span-roof construction the bomb 
may be <-xp<*(dfd to reach the loft floor, which it will probably 
bum through if no special protection is provided. It may, 
of courae, start a lire in the roof timbers before failing through 
to the top floor. 

Precautions 

It is essential that there .should be easy access to all roof 
spaces and that top floors and roof spaces should be cleared of 
inflammable material us far as possible ami made a.s fire- 
resisting as circumstances will permit. Woodwork .should be 
treated iu auy of the ways recommended on p. 67, and suitable 
to the circumstances. Two inches of sand, or foamed slag, 
or 3 in. of dried earth S|)read on the floor will j>r<>bubly prevent 
the lx)mb seriously setting fire to the flooring or structural 
timlrers. Sheet.s of corrugated iron, suitable asbestos sheeting 
or durasteel sheet.s can also be used for this purpt).se. 

Action for Dealing with Bomb 

There are four s»r(|iu*nces of operation.s :™ 

I. Prtdimiuary fire extinguishing and cooling down, 
a. Controlling the bomb. 

3. Rffimviug the bomb. 

4. Exlingulslaug the ivsulliug fire. 

Pr(dii»dnary Fire Extinguishing and Cooling Down 

It is inadvisable to approach the bomb until it has been 
burning for about a minute, after which this can be attempted 
by crawling akmg tlie floor below the level of smoke and 
fumai. 

Any fires started in curtains, bedding, carpet, etc., should 
first be extingtiished by water, preferably sprayed from a hose, 
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thus iiiiiiiiiii-iu", llif t Uf« t .111(1 ( iitiliiif; tlnuii tin i<n»iu. It i-. 
iiapmt.iiit tu uutu tliat wati’f slioiiUi lud Ik' s|iiiiyi'«i IhmviIv 
on llif iMHtih itself as the steam neneiateil will cause viuletit 
; pliitfi-iiitj; and seatteriii),' uf molten metal. 

Controlling the Bomb 

After the jiM-liniiii.uv use of Water and the wetting of the 
flour, it shrtuld he |iossihle tu ajipruai h within 5 or <» ft. of the 
hurtling: hunih, and with the aid of a long haiuiletl stoop to 
I'over it with foamed slag, tlry sand or slate dust, AIkiuI 
JO lb, of siuid, or 15 Ih. of foamed slag, sitonhl 1 h* suftieh’iit tti 
eoeer and control the homh provhted it is not thrown on to the 
bomb, but j«iured on gently with the aid of the settop fti avoid 
sratt€«ring the molten metal. 

Removing the Bomb 

'Hie bomb tints controUed can then be lifteil with the seouji 
and plactnl in a container, as descrilied la-low, and carried out 
of the building or thrown out of the window tit a |a«ition 
where it may safely burn out. 

Extinguishing the Rctuifting Fire 

To extinguish any fires that the bomb may have started, 
ordinary methmls may !«• ••mphAt >1 and the u.si> of extmcteurs 
of a poj i.dde nature are reconunemlei! for cottvenienf individual 
ustf when the liomh has la-ett removed. 

Container and ARpUanm 

The " RetlhiU Sand Container *' has hvm sjat iallv <!> i;;o< d 
for the pur{ 508 e of dealing with iinfinli.u) bombs. It can la* 
tilted on its side to en.dtle •«oop .fulof ..md easily to l»e extracted 
from it, and it is made of material which wilt holti tite moltrn 
remains of the bomb without danger of being burnt thiough 
The himdl© is so iwitioned that heat from the bomb will imi 
be felt to any great degree on the hand when tlie ciiargrd 
container is being carried. 

A spedal scoop with a handle in S(*rtions. adjustable to 
various lengths, is provided witli the container. One section 
is fitted with a hoe to iwsist in drawing the molten metal into 
the scoop. 
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Water Appliances 

A sinall liuMcl-operatal water imuip which can be used from 
a bucket with about 30 ft. of hose terminating in a |-in. nozzle 
is recommenclecl as being more effective than tlie wasteful 
bucket of water. 

If it is impossible to enter the room except on hand.s and 
knees, tlu; use of anything but a line of hose would be difficult. 
Some special purpose extlngui.shers are dangerous, if applied 
to the burning l)omb, as poisonous gases might be produced. 

Action to be taken when Control and Removal of Bomb are 
Impracticable 

If the Ijomb is in an inaccessible position, or for any other 
reastni the above recommendations cannot be carried out, two 
methods are available ;— 

(«) An immediate direct attack may be made on the bomb 
with water from a hose, using the jet from as far away as 
{wssible. 

(b) The bomb may be allowed to burn while any resultant 
fires are kept down. If, however, there is danger of the bomb 
burning through to the floor below, the first method should be 
resorted to. 

It has been previously stated that water should not be 
sprayed on to the bomb because it causes violent flaming 
and scattering of molten fragments, but if it cannot be got at 
and removed it may be better to attack it deliberately with 
the hose than to allow it to bum unchecked. Water will cause 
violent spluttering, but the accumulated effect will eventually 
reduce the intensity of the bomb and check the spread of fire. 

A 25 lb. incendiary bomb will penetrate up to 18 in. thickness 
of reinforced concrete and it will obviously be desirable to use 
fliis thickness of construction over important portions of a 
building such as stair-wells, as shown in Fig. 13, 

The intention is to prevent penetration through to the stair¬ 
well and to deflect incendiary bombs on to the flat roof of the 
buikliug where they can safely bum out. 

There is little hope of pnwtmling incendiary bombs causing 
fires, but the public should concentrate upon limiting the spread 
of the fire by all the recognised methods*—extinguishers, water 
hoses, sand blankets, etc. 
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In A.R.P. Handbook No. 6, dealing with factories and busi¬ 
ness premises, the Home Office advise that to check incendiary 
bombs and to limit the spread of the fires which they cause, 
supplies of silver sand or ordinary dry builder’s sand shcnikl be 
(irovided, preferably in specially prepared containers with long- 
liandled scoops. If an incendiary bomb falls where it cannot 
.safely be allowed to burn out, and it can be approaeb<‘d near 
enough, as much sand as po.ssibIe should be thrown over it. 

Alternatively it may be pos.siblc to pick up the bomb it.self 
in a longdiaudled scoop or sliovel, and remove it to where it can 
do no harm. On no account should water be thrown on to a 
burning incendiary bomb, as an explosion may result. 

When approaching a burning incendiary bomb it is advisable 
to wear effkient dark glasses. Tlio.se used in acetyleiu; welding 
will be suitable. 

A light asbestos shield will also be aseful for protection 
against the great heat that may be generated. 

Fire Protection 

Apart from considerations of air attack, the factors 
influencing the need for fire-resisting construction include 
(txposurtv hazard, use, and accessibility to means for fire¬ 
fighting. 

E.V[»<isuic h;i/.ard lias been classified in the Home Office 
" Manual of Safety Requirements in Theatres and other Places 
of Public Plntertainment." 

A list of trades and occupaiiciis with high fire risk will be 
found in A.R.P. Dcjiartmcnt Handbook, No. q, Appendix (', 
(Ref. No. 161). 

The rule.s of fire-resisting construction issued by the Fire 
Offices' Committee rest on proportion in fire-hazard and 
graded standards. 

The first and most rigorous standard is divided into sub- 
standard-s lA and IB, in the former ajiplying to buildings used 
as cotton mills, flax mills, paper mills, shirt factories (Ireland), 
wallpaper factories, woollen mills and worsted mills. 

Fire Protection of Timber by Chemicaii 

Of 160 different chemicals which help to fireproof wood, 
thirty-three are commonly used and increase ignition 
temperature by some aoo® F, 
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'Ihe treatnifiit takes the funii of inn-u t wiili i la Jh. 

|)er cubic fwjt. 

Among the chttisicals used are the ftdU'wiuj^; :■ 

Mon-uinnKHiitun phosphate, appujvid hy tfw L.C.r.. and 
the most satisfaetorv. 

*Ajmnoniuin sulphate, 

♦Ammonium brtankle (gives off noxious fumes in a fire*) 
•Ammonium elihuide. 

Borax. 

Boric acid. 

Ammonium arsenates (also inserts and fungi). 

Zinc chloride. 

Aluminium sulphate. 

Maiigaiiesf cliloride. 

Nickel sulphate. 

Calcium acetate. 

Oxalic acid. 

Scxiium bicarbonate. 

Sodium silicate. 

Sodium chloride. 

Sodium sulphate. 

I.C.I. products cost (ni. to zs. jK*r cubic ftnit of treatal wckmI. 
Impiegnation with a 20 i«*r cent, solution of mon-ammonium 
phosphate and 8ubstrt|uent drying costs appioxim.iti ly Js. ja^r 
cubic foot of treated timber. 

Caldm' Wolmanising with 12 lb, Wolinan sidt {Htr cubic font. 
Spark-proof only, accepted by L.C.C,. as preservative only. 
Cost, £5 per standard 165 cub, ft.—yifif. {ler cubic foot. 

Catiers’ fully fueproofmg new pioi » s-. nut so pou v,tfiv« 

<j(i. per cubic foot. 

Under the influence of heat these chemicals react with the 
wood substance, routing the yield of inflammable gas anti 
increasing the yield of water vapour and solid charroal, 

Pirt Protective Pahite 

In a fire which has b^me well establiihed no paint miting 
will afford the degree of protection given by effective treatment 

liilts luft tti»d to kttp tfnj ti»ter iiiciist Tli#f 

lia¥i » mmmim tut tmivM* 
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by iinpregiuition. Miiny paints, however, when efficiently 
airplied, so as to give u thick coherent and adherent coating, 
will retard the spreading of local sources of fire. 

Among tlie best known and most effective paints are those 
with a base of sodium or potassium silicate. The silicate may 
be used either alone or with the addition of fillers and pig¬ 
ments, e.f’., china clay, whiting or lithopone, but for the purpose 
of obtaining a thick coating som<^ filler is <‘ssential. and not 
less than two coats should be applied. 

Another typt^ of paint of recent introduction consists 
essentially of calcium sulphate plaster ; this is sold in powder 
form, and for use it is mixed with water to give a paste of 
l)rushing consistency. When applied as a thick film this 
material is reasonably effective. 

Either type of paint can be used for the treatment of timber 
in situ and is definitely superior to whitewash and distemper. 
Moreover, they are reasonable in cost and are ea.sily mixed and 
applied. 

A suitable cheap silicate paint consists of the following :— 

Sodium silicate (in the form of syrup) . 112 lb. 

Kaolin (china clay) ..... 150 lb. 

Water.100 Ib. 

Its cost is about id. to per lb., according to quantity. 

Coating woodwork with a wash of 2 lb. of slaked lime and 
I 02. of salt with a pint of cold water will delay its catching 
fire. 

A fireproofing paint having suiierhitive properties is sold by 
Mes.sra. Universal Floors Ltd., 91 Gower Street, W.C. 

Boards of 1 in. deal treated with this fireproof paint will not 
be burnt through by a kilo incendiary bomb burning upon it 
for seventy-five seconds, but such a bomb burns through i in. 
of steel in six .seconds. It is equally suitable for the fire¬ 
proofing of canvas, fibre boards, paper, etc. It is a priming 
coat supplied in white, stone or grey, and may be covered with 
oil paints, enamels or cellulose lacquers. In a fire the decorative 
coats burn off leaving the protective undercoat as the fire- 
resisting cov<'ring. The covering capacity for one thick coat 
is 35 sq. yards per gallon on rough sawn timber and 40 sq|. 
yards per gallon on prepared surfaces, 
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The normal forms of <nvi-iini; fur pjtcheti roofs, such as 
slates, tiles arul corrugated iron, even though f»n close wotal 
hoarding, are not proof to {wrforation by the i kilo mcriuliary 
honih. Imleed, it seems that the norma! effect is for tlie Ijomh 
to lodge on an attic fh>or :ind start a n»of hie, 

IHltASTEKI. 

The 3 l)F 3 HKK I’Kotkchdn vahhl is an entirely British 
pnaluct, desi/piril for use where great strength and fire resist 
tmce are leipiirctl. It will withstuinl , np in 

i.ood" C, 

By reason of its compactness and adaptability tiie .1DF3 
sheet provfjs an economical alternative to brickwork or 
elaborate air space constructions, 

jDFa panels are widely used for protective in 

case.s wlicre sjrace is limitetl. 

Description 

A composite flat .sheet -•-n i tine of two steel facing sheets 
securely keyed by patent proc:ess to a highly n<*npi.- .,! 
aslrestos composition core. A pif -an.- of over 3 tons to the 
Rfjuare inch is used in manufacture (see F'ig. i.}). 

The panel is strong, <omp,i.!, light and easily fixed. Its 
fire-resisting capacity i.s tm.ippjc.eT.tbh- by any other material 
on the market, as sliown by the test witir Thermite illustratetl 
in Fig, 15. 

Taiui-: .XX 

DetaU* of Durai^Ml 3D1^ Panel 
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a'o* X a'ft* Standanl sixe—pro rjit«. 

Ctiaitijf to $p»eial iiacx tutta. 

Fixity. 3DF2 sheets are easily drillerl and bolted to timlw 
or angh* iron framing. Sheets may be butt-Jointer! IjehincI 
cover strips or brought ti^ether against T-iron. 
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Fire Test on 3DF2 Panel of Durasteel 

Three lb. of Thermite iron was placed on the surface of a 
standard 3DI''2 .sheet and enclosed by firebrick. It was ignited 
in the usual manner and allowed to burn out with the fuTceness 
and intensity of flame which characterises this incendiary 
meilium. 

Upon examination of the Durasteel sheet there was no sign 
of it cracking. The top surface of the sheet in contact witli 
the thermite had fused, and there was also some fusing of tins 
asbestos on the surface, but tlic panel was quite intact, the 
undersurface being no more than wann immediately after the 
flames had subsided. 'Hie sample 3DF2 panel used for this 
test was I in. thick. 

A <-omjiarative test was carried out on a J in. mild steel 
plate. In this case an equal quantity of thermite burnt right 
through the steel in approximalely six seconds (.see Fig. 15). 

N.B .—Thermite is a granular mixture of aluminium and iron 
oxide, the ingredients of which combine when ignited, attaining 
the high temperature of 5,400" F. during combustion. 

3DF2 Durasteel in its thickest form (| in.), when fixed 
between roof and ceiling will afford complett* protection 
against the 2 Ib. type of incendiary bomb. Where wood rafters 
are used, the entire timber work should be covered with 3DF2 
sheeting I in. thick, the tliicker f in. sheeting being installed 
alx>ve the ceiling; the object being that when a bomb has 
penetrated the roof and the thin | in. sheeting, its velocity 
will be so reduced that it will then burn out harmlessly on the 
lower sheeting protecting the ceiling, and the flames will be 
unable to reach the protected rafters above. 

In the case of a new bnihliug the most effective method is 
to use Durasteel corrugated steel-and-asbestos roofing sheets 
for roof cover, and .supph'ment this by sDFa flat sheeting 
fitted beneath. It sliould be noted that by reason of its steel 
core the Durasteel patent roofing sheet is strong, and the 
i tirnigaiions give it an elasticity tending to absorb the blast of 
fxplosion. At the same time its asbestos covt'ring gives the 
Durasteel ct»rrng:dftl sheeting fire-resisting tiualitit's, which 
render it ideal for use with the special type 3DF2 fire protection 
sheet. 

The incorporation of a special fibrous impact absorbing 
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sluH't ia tlif (onstruftiou. us shown in h'ig. ib, is an atlvantagt'. 

N.P.L. tensile tests on Dnrasteel Hut siieets show the ultimate 
stresses to Ix': 

TahU'; XXI 

I in. thickness . . i.fjHo Ih, |ht stj, in, 

i in.. 

I i!i. .. 

ronijjaiative lire tests by manufacturers gave the follnwing 
results: ~ 

J in. asbt’Htos-cement .sheet 
subjected to name from <»il" 
fired funtace. 'renijter.ifure 
of flame, qjif C. 

J in, Hat '* aDFa ” DmtA- 
STKKL fire-protet^tion panel 
subjected to flame from oil- 
fired furnace for ten minutes 
and then quenched whilst hot. 

(Teinperaturf of flame, 

97a® C.) 

Impact T«t 

A stcfel bar, 3 in. diameter, with a nnmdifd end, | in. radius, 
weighing 44 lb., falling from a height of 25 ft. on to the surface 
of the sheet caused no cr.u kitig or splitting. 


Sheet (Xjiltiihd in forty 
seconds. Sheet placeti in 
different jKisition exphaled itt 
thirty secomls. 

,'\ft<‘r jlJl’i was subjected 
to flume for siweti minutes the 
sluHd was quite c(kiI at hack. 
After nine minutes very slight 
cleavage on sides of sheet. 
Quenched after ten mirmtes, 
very little w.upinq, 


“ IMPKRMITK •’ 

" tmpmmk *’ is a laminated plywood a»bt»tc» cement 
product suitable for insulation and fue pionfim; construction. 
Supplicfd by the Gaaproofing Co., it has l>een subjected to the 
following tests by the manufacturers with the results shown 
below 

1. Action ctf Wabnr 

After four days’ immeriion in cold water, the sjM t ifiu tis 
showed a 3I per cent, increase in width due to absorfition. 
After an immersion test lasting thirty houcR, which includes! 
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two periods of eiglit hours, when the water was boiling, the 
average inert'ase of widtii was per cent. In neither case was 
there any sign of warping, nor signs of detachment of the 
asbestos cement from the wood, 

Tlie specimens were dried rapidly after the atove tests 
without producing distortion or any alterutions in the asbestos 
coating.s. 

2. Action of Pirc 

Three pound Thermite bombs were ignited on " Impcunifc *' 
sheets laid on the ground. The asbestos cement surface in 
contact with the tjombs was tiestroyed, and the wood heavily 
charred over an area of 6 k 6 in. 

In the case of the ^ in. clouble-sidetl sheet, the under surface 
of the '* Imiau'tnite " was discoloured and slightly fissured. 

In the case of the | in. double-sided sheet, the lower surfiic* 
of the sheet was intact and not even discoloured. 


3. Acid and Alkali Tests 

llydrochluric and nitric acids have a slight action on ti .. 
surface-carbonate in the asbestos. 

Concentrated sulphuric acid, caustic alkalis, anunoniuin 
chloride and sulphate, have no action, nor have teizol, alcohol, 
etc. 

Tests with the above substances lasted for forty-eiglit lunirs, 


Asbestos Wood 

Turnall astotos wood has established a high reputation for 
fire resistance, and its heat-insulating {nopcilir. render it 
suitable for the coveritig of floors and roof timbers likely to 


Half mch thick asbestos wood material Mipptnied on beams 
at 2 ft. 3 in. c/c easily withstood the impact of a 3 lb. dummy 
test bomb dropped from a height of 25 ft. with a striking 
velocity equivalent to that of a kilo incendiary bomb having 
penetrated a roof. A kilo thermite magnesium bomb burnt 


geiuTutetl was not transmitted by the sheet outwards from thi 
seat of the fire to any appreciable extent. 
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Klmoloboard 

This is jitwllifr firo-resisting paut-llin;; board sold by Messrs, 
Cellactite atnl British Uraiite Ltd., Lincoln House, W.C.i. It 
can be cut with a saw, nailed, planed and generally treated like 
wcxxl. It is cornpiKed of asbestos and diatomaceous earth- 
ideal materials for fire resistance and thermal insulation 

Tests show that | in. thickness of this board safely with¬ 
stands the burning of a i kilo incendiary tomb without 
jmietration or the d.ingtnuus transmission of heat. 

Fire Fighting Appliances 

The U8t? of the stirrup hand pump with dual jet and spray 
nozzle in dealing with the incendiary bomb is fully described 
in A.R.F. llandlMjok No. g, to which the close attention of 
the reader is earnestly directed. 

The Sand and Redhill container tfchnique is also fully 
described in this publication and the etpiipment required by 
fire partie.s is also enumerated. 

Permanently installed water, steam or foam .sprinklers, as 
well as drencher systems, are invaluable for the prevention of 
the spread of fire, but in a bombardment from the air such 
installations are vulnerable to damage. 

Automatic chemical extinguishers, ju'ovided they be .self- 
contained and independent of supply pipe lines, are likely to 
be of more service in dealing with fires caused by bombard¬ 
ment. 

Such a device is illustrated in Figs. 17, 18 and rg. 

The Self-acting Fire Extinguisher 

Tltis anti-fire bomb, originally invented in Italy and widely 
used both in that country and in France, is available in (keat 
Britain, umier the name of the Selfac automatic extinguisher, 
from Messrs. Universal I'loors Ltd., 91 (lower Street, at 30s. 
each. 

Little bigger than a melon, the device is constructed of 
special water|>roof cardboard and contains pow<ler.s, which 
under the action of heat <hrj>mpose into a gas which 
imim‘di;il<-ly extinguishes the fiercest fire. 
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ju 

I’luliuiliit;: fri*in uni- fi»l ol tht* " Uuintj " i*. 4 wiKMU*u 
luindli', ;ui<l at tin* a m'IimIivi' wu k .iiui liiw, wlm h at 

i75 i'. caiisf?' till* di'viir to litii?*!. 

H»' htiiijli «an I \*ii! ;ui li firit r ^jn^t aiul i»il tin- ., .md 
jtrolfcts an arra <i( ij.jDx.-jn t’. !v «*n ft. «li.im< frr 

It luvtiH Uif MtiKitindiiiKs with a whitr ami liainiU'.'. dll'.!, 
wiiii'li Icavi's n«» ’.jn.Hj-att inaik and m imt iu)uih>un tn 
individual. 

Hung III ilia* (••H'.ildr rmil sjiaf*”.. •>Hii « '., ll.il > and fall 
liniidiiiKf* nflivittiw n!i|»iciti‘ctrd, fin- IkhiiIi will rii».iii«- tin- 
antiimiilk* ami j»riitin»t > stists-ni-laiH; nf a ruiiflafjratiim. 

KxhittiHtivc ttisfs liavr shown its rffvrtivmn'ss in draltiig 
with fire)» «( |Hdiiil. tar. fnd ami traiiHfuinnT nil, rah iiiin 
carbide and onlinary cnmbuHtihle tnaterial. 

The Iwimb is also ladiif; maniifartnred and sold in l-ritnrr 
uml Switzerland, l'nl|;itnu, flnmMjv and Italy If has Imh'ii 
submitted tt> severe tests Iwfore leading t ioverinnent and nthei 
exjH'fts in many cmintries, proving it always to Iw a safe, 
rapid and efficient fire extinguisher. 

This tyjK* of extinguisher is [xirticntariy effwdive for pro- 
teicting vein* h's kirries and vessels « niviJi,: inllaninia! 4 t >., (or 
general use in ships, jmrticularly isbia.nin* , lor aeroplanes, 
petrol stations and iiai-o,*' , cinema projection rooms, under¬ 
ground railways, coal mines, military tanks, etc., as well as 
possrissing special .t>h.tiiivi|;!'. for use by untniinecl nsttrs in 
houses, factories, business pu ini < , and in A.K.I*. e»'o* i dK. 

Special OiancMttlcs 

The bomb i* in the uatune of a fiapm-mdcM container which 
bursts with sufficient force to scatter an inert [xiwder non- 
iu|urimis to human or animal life, ‘this jKJwder rapirlly and 
completely asphyxiate the fire. 

The fire evt inyui'«hi r also has the following clwracteristics : ™ 

1. It omtains no liquid or chemical liable to «v.ij<uMti*>!i 
Mid is goal aid ecil to be effective for a {wriml of five years 
without requiting any attentimi. 

2. No skill or exp^ence is r^uirtxl, there is no mechanism 
to pt out of ord«r or to operate, nothing to adjust, and no 
ne^ for jatrsoual risk in remaining near a fire. It can lie usixl 
by the aged or the infirm. 
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j. liii' tiK'i.tllic jwit is tn»t jmjjfctfd wiu'u ruining into 
at tiun, aiul Ihrirfotf tainnot ruusu vluinagf to lift- or jirojierty. 

riie fnvi'Iujjf IK «iaiu(i|»roof and protects the chemical 
powder comjiletely. 

5, Its action is instantancfnis and its bursting is liarmless 
both to the user and tlie •>uirouuiling objects. 

(». It is always reatly for use, the tire itsc'lf causing it to act. 

7. The .spread is in the shape of a sphere having (with the 
standard type) 18 ft. diameter. 

H. The extinguisher, if susjremled from ceilings or walls, 
would be actuated by rise in lem]»eialine and extinguish tire 
in a manner similar to a sprinkler system. It can be introduced 
into burning rooms or buildings on a pole or thrown or rolled 
from a distance. 

<). The noist^ created by the bursting is sufficient to act as 
an alann signal to those in other parts of a building. 

10. It has an equal effect upon liquid combustibles such as 
iretrol, benzol, tar, and upon solid combustibles sucli as paraffin 
wax, rubber, cellulose, wood, or calcium carbide. 

11. The extinguishing mixture will not damage surfaces 
or textiles and the {rowder sprayed on them can be removed by 
brash or other domestic cleaner without leaving any trace. 

12. The powder is harmless to human beings. The extin¬ 
guisher can be used with perfect safety in confined spaces as it 
poes not create injurious gase.s, 
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I'KKNCfl KKPrPd.IC 
PRKI-I'.c riM<K OF POLICE 

Munich'ai. Labokatorv ov CmcMisTKv 

2 , Quai du Marche-Neuf Paris 
ludry No. fj.sHq. ('crtificate No. 40727. 

l''spciimcnfs carried out at the reque.st of the " StwitUd 
Fran^aise dt; la Bombc Pyrofuge X," 35, Boulevarde Hauss- 
rnann, Paris, on Monday, December i6tb, iq35, at 10 a.m. at 
the Barracks of Firemen of Champcrct. 
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11»*M‘ I ■••}> Mjiif iii vvfir iii.itii' wtili \ 

hruu(i{l»t by ii'jUfM’ul.ttivrH i»( tli** Sih’u t<-, 4n«l ruiupsM ii i|i,. 

(i(llitwiij,;. it j'i' I i.itu i.'- M'l mil l»v ih*' StK:i«*ly's I 

Wt* hinrltv itii'n lv •bi" ii-titili-* iilit.tiitt-<l 


of fkmottiititltoH'i 

l. Iii-iiiujr u tM'.i, th«* harmU'jiiiii!'*'* iil ttu* b 4 »»ui» 

£. ItemiHHtratiui^ llir liarmlrtHm-iit «>J r ! ;; tir hoiub 
in clijftt* iiu>\nu'.i\ 1,1 .iiiotlifi whtt ti niifjh! J«* * ^•! 

tti ejcpkxlf in • vm|‘.tfby. 

It wait daiiiiii‘ttiiititl tliii! whfii titif,- ojn-rai**!'* 

I metre apitrt, ami the one in the tnnttlie h.ivmj' h( hi^ lnimii 
ami caiWHi an exj>h»i«»i», lie fhil •»«> withtmt hmiiiif,' hiniM'U m 
atufiing the other two iKmilei t«i exjihHle 

3. Ihiinonstration r li. ii- the |ii.n iiik the Im.iiiIi in water 
at the start, ami yet using it at the eml ol the ili-niuiHtr.ition. 

A Fyrofuge X Bt»mh d n *: , ? in vvatei h»i 4*1 titiiuttes. 
then taken out ami lit. catiml an explo*»iou exa< lly siimlat Iti 
bombs which fuul not lieen held under water 

4. Extinction of a vertical wall, soaked in t.u and {»eirol. 

On a flat vertical surface ntade of woorleti phinkn there was 

spread both crutle oil am! jadrol. I'hi# was lit .md seeunds 
afterwards a bomb was dirrcUsI on to the tire, whn h was jmt 
out. 

5. Eslini'ts! hha: of tar and petrol p ;.‘db 

All rlliptseal-ihaped depo-'idou in the earth, 4 40 metres 
long and 1.4a metre# wide, was filletl with 5 hires of tar and 
5 litres of petrol, This mixture having lieen lit. »i was atlackwl 
with Pyrofngc X Bombs. It i«<piiied only two liornlw to 
extinp&h the Are, 

6. ExfiiiKui’-hiti!,: a wooden structure 37 mm. thick, measur' 
ing 4 tm-Ue-. by ,5! metres ami reachwl by a corridor f> metres m 
Imgth. 

The structure 'Wa* let on fire with the help of hrewiasl. etc., 
lit by an ’* Elwtron *' bmnb furnished by the headijiiariets of 
the Are biigade. After 7 mtiuites of being lit ami flaring, the 
Are WM attack^ by oji*-t.d«?i’. holding Fyrofuge Iromh* iit the 
end of staves, and *0 penetrating the structure. The fire was 
put out with two such Bomte l^rofuge. 



:auffer m use, 
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y. I’etrol was iMniml into wood stacked vertically, and the 
additional jxdrol fed into it by a rubber tube. 

When this was lit, a Pyrofuf'c X bomb was thrown into the 
conflagration and the latter put out. 

8. On the floor of a cellar 3 metres by 3 metres by 2 metres in 
ditnen.sion there wa.s .spread straw, wooden debris aird greased 
rags, This mass was lit and allowed to burn 4I minutes before 
Innng attacked with Bombs Pyi'ffug'* X. 

This was extinguished by onk Bomb Pyrofugi-. 

Paris. December iWi, i{)35. 

Fig. 20 shows Kell's asbestos protective clothing and an 
incendiary Ixunh snuffer in use. 'I'he spread of fire is checked 
l)y its use as the bomb burns out safely under it. 

Idg. 21 shows a portable fire shield made of 3l).F2 Durasteel 
paiu-lUng. It is of considerable use to factory fire parties or 
A.R.P. stjuads. It is J in. thick, 48 in. by 24 in., with channel 
steel-bound edges, and weighs approximately 24 lb. Note the 
narrow observation slit and the webbing arm straps. 

R«>lstance of Materials to Penetration by Incendiary Bombs 

{«) By Impact. The following are the minimum thicknesses 
of materials recommended by the Home Office for protection 
against penetration by impact of incendiary bombs of various 
weights- 


TABLE XXII 



CmmmtM, 

Sand, 

EartU, 


Idlld 

Hate. 

I kilo (j| lb<) 

i .. (4 
si.. Of 

ta „ [Hi .,) 

.s -a 

About 
.t a'b* 

M 

,, bo 

About (f 

.. .s; 

!! 9' 

About (f 
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{b) By Burning. The Mowing are the Home Office recom¬ 
mendations, based on tests, for materials for protection 
against penetration by burning of the i kilo magnesium 
(electron) incendiary bomb:— 
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Foanmt Slag CaiKrett 

pratectitm against the light incendiary iKirnb is 
aESureil by a layer of lightweight fiiiiin(*d slag 

concrete over the surface of the wxif. 


impact ancl will, moreover, allow the nm iebuy tmmb to burn 
out safely on the roof. 

Ftminwl sijig * weiglis only jo- .y lb. per Kjuare foot 

6 in, thick, and Fm.mu.oi Itchtwi inld can la? obtiiined 






ClIAP'rER III 

GAS BOMBS AND THEIR EFFECIS 

" Gas ” to the layman holds unknown terrors, hut tlianks 
to the advance of science it is no longer the most deadly weapon 
in the hands of a jjotential enemy. 

The total number of compounds known to chemical science 
is estimated at nearly half a million, and about a tpiarter of a 
million have been carefully studied and their variou.s effects 
recorded. 

Nearly all chemical substances exert some toxic influences, 
but during tlie World War about 300,000 substances were 
investigated with a view to their luse in combat. 

Of al)out thirty found suitable for use only twelve were 
finally adopted, the elimination being due to the stringent 
technical and tactical requirements imposed. 

Only about .six ('ompounds were notably successful, and the 
following extract from statistical summaries is of interest. 

135,000 tons of battle gases were used by the seven principal 
countries engaged in the World War (all theatres), the approxi¬ 
mate allocation being as below 


Table XXIV 



Tgiw. 

j 

Ltiti, of 
^ jwraiuaHy 

Lung injurants . 

100,500 

230 

Vesicants . 

12,000 

6,500 

60 

Sternutators 

650 

Lacrimators 

6,000 

0 

Totiil 

125,000 

192 av. 


The total gas casualties were 1,296,853, or one for each 
192 lb. of gas. 

Hi 
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Mustanl-KUS shell Jjloveti t«> he twice us elh-ctive us the 
uverage gas shell uml nearly live times us eflective us ivc 

shells. 

The mtjbilised f(irce.s eiii;.ie»il in the World Wur .ii:;n<i;uled 
547 jHT cent, of which bcTunie i usuullies. Although 
gas caustsi 4'(> {kt cent, of all battle injuries and 57 {K*r cent, 
of all non-fatal battle injuries, it caused tmly jHT cent. <if 
all battle deaths. 

(las was therefore over four times as effective in causitig 
non-fatal casualties as in causing battle deatlis. 

McKiern warfare does not take the form of annihilation of the 
forces in the field so much a.s the i of the economic 

resistance of the nations i*n?tuK<-il. 

Chemktd warfare Iwing most effective in }tn»din ing non-fatal 
casualties, which are a milit.oy liability, is likely therefore to 
be adapted to an increased extent in future wars. Indeed it is 
now clear from the plans of the helligi-rcnt'. in the World War 
that had this continued for another year the • ump.ngn in ic}tq 
would have been largely a chemical war.’* 

Among the gashed the * uffeiint^. are less severe and of shorter 
duration than those causetl by other battle Injmie., and 
statistics show that on the whole recovery from gas incapucita- 
tion occupied about half the duration of hospital treatment 
required in other cases of wouniliny. 

The ratio of deaths to total casualties in non-gas cases was 
over twelve times that of the mortality from gas. 

Gas warfare is therefore mmt effective and humane, ami 
must be expected to play an impurtunt i»rt in future wars. 

It is a common mi'.conctqtfitju tliat there are some gases 
suitable for use in chemical warfare and which are incuj*:d>U- of 
neutralisation or filtration by any known means. 










(iAS BOMBS AND THRIK EFFECTS 8 

" Those well qualihetl to speak on the subject, notably 
ih’ofessor Haldane, have adduced a number of scientific reasons 
[or <lisbeli<'viu(4 in the existence of such f'usi's, and also in the 
likelihood of their beiuj^ produced by future research. The 
t'.xplunution is simple. The number of volatile ehemiral 
substances is limited, and of these only a small proportion are 
poisonous. Tho.se with a small molecular weight are on the 
whole the most volatile, i.e., go most easily into vapour, liui 
they are all of relatively simple chemical composition, and the 
larger majority are already known. Any fears on this ground 
are tlierefore irractically negligible; With regard to the sub¬ 
stances of high molecular weight, it is certainly po.s.sible that 
some may yet be discovered to give off vapours more poisonous 
than any known gas to-day. But, on the authority of Professor 
Maldaiu*, the charcoal in the ordinary respirator has the properly 
of adsorbing heavy molecules of vapour quite independently of 
their chemical composition. And what, it may be asked, of 
gases like carbon monoxide and hydrogen arsenide winch 
attack and kill without causing odour or irritation ? Again 
the explanati<»n is simple. Such ga.ses may prove fatal if 
encountered in tlie laboratory or factory; but in the con¬ 
centrations required to kill by an attacking force they could 
not practically be produced in the open." 

Gas attacks on a civil population can be rendered pra(;Ucally 
harmless by the eipiipment and organisation of the community 
properly to combat them. 

The underlying principles of chemical warfare can be traced 
to ancient times when " Greek Fire," reputed to be compomuhid 
of sulphur, spirits of wine, pitch, salt, olive oil and resin, was 
used in the eighth century n.c. 

In 1811 the .systematic use of sulphurous fumes and carbon 
.smoke as an offensive weapon was propo.sed by Lord Cochrane, 
but it was not until 1915 in the Great War that noxious and 
toxic gases were effectively employtsl as a belligerent weapon. 

Brief particulars of gases now used in war are tabulated 
on p. 84 :— 

There are two main types of poison gas which might be used, 
namely:— 


( 1 ) Persistent, 


( 2 ) Non-persistent. 
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Perastmt gases usualiy consist of liquids {i.g,, mustard gas) 
which contaminate the aroi on wltich they are released, and 
may continue to give of! vapour for hours, days, or even weeks, 
if not neutralised. 

Hon*peimtent gas^, when released, rapidly mix with the 
atmMphm and dispeme quickly. 

War pm must have an injurious effect in lowt‘<in« ('it(i.dt(Ui%. 
must be heavier than air and capable of a wide distiibutimi. 

They may be released on civil popuktiotw from gas botnlm or 

by spray from aeroplana in liquid iaem, or irritant smokes. 

PcrsisK'tft gases of die mustard typo an* nu»it tlangoiuu*. when 
rekastsl as spray, as the <hro{Si of condmis^ “pui" may 
remain unHus|Hr<;t«l on objects which may come into ointact 
with the human body. 
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(ias bombs, like incendiary bombs, do not need to be made 
strong enough to withstand the shock of discharge from a gun, 
neither do they need a strong casing to produce disruptive 
effects on explosion. 

About 50 per cent, of the total weight of a bomb of this kind 
will 1 h' gas in a concentrated form with a .small explosive charge 
and detonator to disperse the contents over the surface of the 
ground or building hit. 

These bombs are light metal <ylin<ler.s containing gas. When 
they full the cylinder opens and the gas comes out, generally in 
licpiid form. It will lie about in wet weather for .several days, 
jrossibly. In dry weather it will evaporate in five or six hours. 
A gas bomb, 50 lb. in weight, will contaminate an area of about 
800 s(juare yards, though the whole of that area will not be 
badly contaminated, h'oexi which has been exposed to gas 
vapour must l)e thrown away as it is not fit for consumption. 
On the other hand, water wliich has been exposed to gas vapour 
can be drunk if it is boiled ; it is then perfectly potable.*^ 

The penetrative effect of gas bombs is no more than that of 
incendiary bombs already given on p. 79, but the gas immedi¬ 
ately in the vicinity of a burst will be in a deadly concentration, 
especially if there is no apprisdablc wind. 

Persistent gases, like mustard gas, will evaporate very slowly 
in cold weather and may even freeze on the ground, being 
liberated weeks afterwards when thawed and warmed by the 
heat of the sun. 

The production of a grade of asphalt resistant to mustard 
gas has been achieved a.s a result of investigation and research 
work carried out during the past three years by the Dimmer 
and Trinidad Lake Asphalt Co. in conjunction with the 
authorities re.sponsihle for this class of work. It has been 
approved for anti-gas constructional purposes, where it can be 
quickly and (-(Jinpltdely decontaminated by the usual methods 
involving the. use of acpieoiis bleach mixtures, 

The special grade, registered under the trade name of Anti- 
(JAsiniAi.T, is applied in exactly the same way as ordinary 
Lake Asphalt Mastic, and in common with all asphaltic 
mixtures has the advantage for A.R.P. work over other 
materials in that it can be rapidly laid on any from of base 
construction, timber, concrete or existing flooring to provide 



CIVIL DLI-LNri; 


Hfi 


a Jfsilii’Ht and imj- :i i- «nvrriiii: vvhiiii 

may la* willtiti an hum ul its ai'jilii .lUfi;. 

I’or s])iu ialis«H! ruuliji^; jim j«»sfs it fiiithfi t uinplir% with tin* 
II i|uiiI ni« tit tif H.S.S, ill M-'tjtn t uf nun 

iiifi.uuiii.iLilit\ ami is itniv «'uinlj»istil»!f at !■-n;. t-;- tiviT 
7tiu’ h', Heat l■nf’^•lut<•n•tl hy tlmnnitf «ii ullifi itm-mliatv' 
Jiunihs {t.5uii (\ l«» C.) rariiuuisfs tlif smfatr, hiif 

timi liul |H*n(’liati‘ tlif aspitall ut inakf it jHTim'altlf tu 
watn. 

it is ativisahle tu liavr a tray til sami ami t alt luiii i lihaiiir 
at rntiuiica* to all ttfruhrs. duguulH ami shdlrrs, fur nsi* in 
th'i'untaminatiiig fuutwmu Iwfurr rntfriiiK, Mk. it t ) 

tias Uunihft may wrigli as imirh as fkiu lb. apira*. but ii««f mally 
snmUt'i' iKiiubs may hr « \pc. ft-.l to be usml fur gas lK>mbarci- 
nuTiit. 

tins ami arsenical sniukes being heavier than air teiul tu lie 
low, and if a gu.s iKiinb bursts in a street it will probably janir 
down areas into basements am! cellars. 

It is r;ui!e!.t!!v assumed that, except when a gas iMimb is 
exploded on top of or in a Inuldti!;*, the fourtli floor and those 
above it are tt'-sm.tny left free of a pui . concentration of 
g“»- 

With gases having cumulative effects, a long r^p»>m,- to the 
weak concentration of di .ip.ift d gas in the upjier storeys of a 
building may lia%»e serious i un .c.pu'm 

It is jHissiblc that the nose irritant gastrs may Iw prodiicetl 
from some form of genemfur containwl in a bomb. In tins case 
the cloud will l»e emitted (for some miimfu ) from the place at 
which the bomb has fallen and the distance to which the gas 
will travel may ire somewhat greater than with the other non^ 
pfl-4'4(*llt 

A bumb l uutaining persistent gas, sudi as mustard gas. will 
nmke a large splash of liquid at the place where the tmmb 
droppexl and will also cover a considerable area with line 
droplets. The degree of contuninatbn and the siw of the area 
idf(‘ct«‘d are dependent upon the siae and tyja? of the bimb, the 
nature of the ground on which it falls, and tlie strength of the 
wind. In hard ground p«‘mtiation will be slight, and the 
liquid will be more widely distributed over < he an ruumlinn .u e.i, 
Apiin, if the wind is fairly strong, the drop formed by the 
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shattering of the bomb may be carried down-wind for a 
considerable distance. 

Anyone who is near the place where the bomb falls may be con¬ 
taminated by the licpud drops or spia-shes and immediate action, 
as described hereafter, must be taken to avoid serious injury. 

Person.s walking over gas-contaminated ground will be liable 
to contaminate their boots by stepping in liquid or picking up 
mud containing imi.stard gas. This danger will persist for a 
long period (usually some days), unless the area is decon¬ 
taminated, and during this time the area must be railed off and 
all movement over it prevented. 

A dangerous concentration of mustard gas vapour may also 
travel down-wind in exactly the same way as a cloud of 
non-persistent gas, though it will not usually be effective for 
the same distance. Unless the weather is very cold, the 
contaminated area will continue to give off vapour until 
it has been decontaminated and the recognised warning sign 
must be erected to warn persons of the danger from the vapour, 

A bomb filled with tear gas will splash the ground in the same 
way'as one filled with mustard gas. Evaporation of the liquid 
on the ground will produce a cloud of tear gas whicli will render 
a large area intolerable to persons who have no protection for 
their eyes. This vapour effect will continue for a number of 
days, or until the area is properly decontaminated. 

The chief difference between the use of large and sinall bombs 
is that, for the same load, there will be in one case a few well- 
marked and heavily contaminated areas, and in the other case a 
large number of centres of contamination which might be more 
difficult to locate and clear. 

Pollution of water in open reservoirs may be caused by the 
vesicants—mustard gas or Lewisite—or by substances producing 
ansenical smokes. 

In this connection Colonel Garforth, of the British Home 
Office, has stated :— 

" The filter beds of a reservoir will deal adequately with 
mustard gas. They will also deal with lewisite, except for a 
small ipiantity of arsenic which the gas forms in solution. 
This (piantity of arsenic is so small that it would require a very 
heavy concentration to do any harm, and in the case of an 
ordinary large reservoir the chances of this happening are 
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almost negligible. Tliere reniuins, thercftnx*, only the danger 
from arsi'iiic from the arsenical smoke gases. This is a 
theoretical rather than a practical danger, as it would reijuire 
a large iiumlaT of .such hotfihs to jandia'e arsenic in sulhcieiit 
quantity to be dangerous. 

" The ease of t he service reservoir, which is of smaller size aiui 
which is without suhsctnient filter beds, is somewhat <liffereiil. 
Ill (bis case t!i<* target is relatively small, so i hances of serious 
contamination are remote. Mustard gas will sink to the bottom 
l«‘!ow the level of t!ie outlet, exce|>t for very small particles, 
fhese are cli-siroycd by hydrolysis, and even if some ctf these 
small particlra esra|H’ through the outlet they would Ih* 
destroyed in the water mains Ixdore reaching the ccmsumer. If 
a bcjmb containing lewisite or arscniical smokes fell into u 
Mrvice reservoir (the chances of this are very remote) the water 
sliould Iw* tested for arsenic and, if necessary, cleansed 
chetiiif ally." 

The {>oisons from gas bombs arc very readily absortel by 
foodstuffs which, if badly contaminated, would have to be 
destroyed. 

MethcKis of protection of fcxHl may lie summarised as 
below. 

In selecting metltmls of packing chiKise the material whu;h 
gives the best protection. 

The following table shows the imitective value of different 
types of packing materials :— 

T.\m.r; XXVU 

Type of Pat kittg Pmlecliw Value 

Airtight bottles or sealed tins, (tornplete protecti<»n against 

all form.s of gas. 

Airtight glass or earthenware (k»mplete protection if cover is 

jars. of glaiis, metal, bakelite or 

similar materials. If 
covered with gre.n pr<«»f 
paper will protect com¬ 
pletely aptinst vapour and 
l^ve fair protection against 
moderate liquid contamina¬ 
tion. 
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Iahi.k XXVII —continued 


Type of Packing 

Sealed wooden barrels (for 
storage of li(]uids, r.g. 
wines, beer, etc,). 

Wood(*n boxes. 

Tiiirk cardboard. 

Oilskin. 

Waxed carton.s. 

Transparent nioi.stiire - proof 
wrapping material with a 
cellvdose acetate bast*. 

( ireast'prtK)! paper. 


'riiin cardboard. 
Ordinary pai>ers. 

Ordinary sacks. ' 
Textiles. 


Protective Value. 

(Complete protection against 
vapour and moderate 
amounts of Ikpiid. 

If joints are tight, good pro¬ 
tection against va|K>ur. 

Will alisorb Ikpiid gas. 

(iood protection against 
vapour and Ikpiid. 

(iood protection against 
vapour. Some protection 
agaimst slight litpiid con¬ 
tamination. 

Limited protection against 
vapour. No protection 
again.st liquid. 

No protection against either 
vapour or liquid. 


See that where necessary foodstuffs are covered with a suit¬ 
able protective material. Every layer of material which may 
prevent gas coming into contact with the food is of value and 
" wrappi'd ” foods are preferable to bulk uuwrappcil provisions. 

All store houses must be gas proof—.see subsequent chapters. 

When gas attack is expected the di.splay or tran.sportation of 
uncovered foodstuEs must be prohibitt'd and at any time the 
retention of protective covering is a desirable precaution. 

'File problem of protecting food in shops and warehouse.s 
from the effects of gas is still being invest ig'utcd. Some kinds 
of food could be con.sumed after a ga.s attack if they were 
treated in a certain way, and though they might not be very 
palatable they would not be poisonous. The control of food 
supplie.s and distribution is one of the major task-s of the 
authorities. 

General protection against bombardment with poisonous gas 
bombs consists of piTsonal protection in gas proof shelters and 



careful tlecdiitamiiiation of the affected area after the tIisjHTHirm 
(if tlie gas. 

Till! fiillowin/; clKipters give details of recommended metlxHls, 
but after detection of gas certain {ktsuiwI . are 

immediately necessary, 

riie jiresence of gas may Iw detected in a mimlMU of ways ; 

(i) by the smell; 

(it) by immediate irritant effects ; 

(iii) by visible signs ; 

(iv) by cliernical testing. 

Most gust‘8 hitherto used in warfare have either a distinctive 
smell or a characteristic irritant effect on the eyes, nosi* or 
throat. In many cases also there will l>e visilde indications of 
gas, such as the presence of a cloud or luptid -pl.i h<- . on the 
ground. 

To a large extent, tlierefore, reliance can Ik* placed u{Km the 
senses, particularly the sense of smell, hut chemical tests may 
be available in addition for the identification of particular gases. 

DETKCTION OF THE VARIOUS TYPES OF CAS 
DebMdion of Lung Irritant Case* 

Lung irritant gases are not difficult to detect as they alt have 
a very characteristic tKlour, The most im|»»tt.nit example of 
these gases, and the one most likely to fm encounteird, is 
phosgene. This gas has a pronounced smell of musty hay. At 
the time this smell is detected, irritation of the lar.tthinf* 
passages with |x>»sihly some \va!«Ting of the eyes may Ih* 
noticed, but should not be waited for. Pbo f'«-nc forms a thin 
wfiite cloud when the atmosphere is moist, otherwise it is 
colourless. It is non-persistent. 

Detection of Nose Irritant Gam$ 

Nose irritant gases are practically odourless. The first 
indication of their presence is likely to be irritation of tlie nose 
and throat, nneering. etc. These pses are mm persistent. 

Detection of Tear Gi»<» 

Tear gases are easily detected owing to their immolate 
irritant effect upon the eyes. As many of the tear gases are 
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persistent, and consist of dark brown Ii(]uids, care must be 
taken not to confuse gases of this group with mustard gas 
contamination. 

Detection of Blister Gas 

(i) Mustard Gas. The odour of this substance is not powerful, 
nor arc? the effects iuimediaf<'. and con.sc(iuently persons an; 
likely to under-estimate the danger. Mustard gas, whilst the 
most difficult gas to detect, can nevertheless be recognised in 
.several way.s, natnely - 

(a) by smell; 

(It) by visible signs ; 

(c) by testing apparatus. 

'I'he sub.stance has a faint but characteristic smell suggestive of 
horseradish, onions, or garlic, but some people cannot smell it 
except in high concentrations. 'I’he presence of mustard gas 
vapour can readily be detected by a person familiar with its 
smell provided it is not maske<l l)y other odours, but afttjr a 
sliort time the sense of smell becomes tlulled and low concentra¬ 
tions of the gas may not be <letected. 

The liquid varies in colour from dark brown to pale straw 
colour. The gas given off from the liquid is invisible. The 
liquid, if of the pale colour, is difficult to detect on grass, trees, 
etc.: and it appears as a wet patch on dry roads or dry earth. 
On wet roads or earth it gives a slight iridescent effect, similar 
to that of paraffin on a wet surface. Detection of the liquid is 
not easy, but prttvid<;<l the smell is known the presence of the 
gas .should be readily recognised. 

(ii) Lewisite, 'rius substance differs from mustard gas in 
having a strong smell, like that of gt'raninms, and it is noticed 
at once owing to the irritation caused to the eyes and nose. 
Defection of lewisite should not therefore be difficult. 

CHEMICAL INDICATORS 

Indicators have been devised which will assist in the 
identification of liquid blister gas and the .subsetpient defining 
of the contaminated area. The basis of the.se detectors con¬ 
sists of a special coloured yellow paint which turns red on 
contact with liquid blister gas. It is impoilanf to note that 
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the vapour of hlintfi gas thn’s not give any uiilu iilmit *iti the 
paint. 'rhfs<’ (iftec tors ronsist of two kiiuls 

(i) Ihiedon, Spray. I'licsr aiT ii»!icat<»rs j»ai»tei! with 
(letector paint. Tlieir |Hti'{«tse is to uuiiratt- rapi'lly the 
arrival of aircraft spray. 

(ii) Ddfitiirs, (irottmi. llicsc constst of ni.oi'ti.il jiauitisl 
with ilftcctoi paint vvhicli, when l»rotight nilo mnt.n t v%ilh a 
snsjtt*rfc(l < (jutiiniinati'd surface, will give an iitilti .ttioit tf free 
lupiitl hlistej gas is pri’seiit. 

Chemicaii Apparatus 

The ■' gas from l«»inhs “ prohleitt has Utii given po !(!U!< m e 
In all A.K.F. schemes in ainl arouml Farts m a way which has 
much to coinmemi it. Ihfhcullies have heen ant:, ip p. .J iind 
expelieiites carefully collattil and applied Ki-ah.nii; that 
alarms and detectors must j-run.dh Im* in the open, atui that 
fixed apidiances, if neat enough to Ih* effective, xvouhi theni" 
selves f>e dt*stroytHl, {KUtuhle dettx tioii apparatus has now 
Ireeri made part of the e.piipin* at of such oflii ials as the 
mobile {xilice. 

The type adopted i.s the Khiig |H»lydetecteur (illustnittni in 
I‘*ig. 22), and supplitxl in this country by Koycott Frotwtors 
Ltd., (iratid Buildings, W.C.a. 

The apparatus is rohu.t weiplr. ,ipj.|..xii«ii.-ly 20 lb. - 
and, being {xirtable, can easily bi? taken to a " iKinduxl area " 
for gas detection. 

Briefly, the main features are as follows ; 

I. The app.natn differentiates lxttwt*e»i two classes of gas : 

fuj (laws having the propcitv of lieing easily hydrolysed in 
the prestmee of moisture: pho.•»)!., {lalite, uijt-diJ*. 
etc. 

[h) Gmm whose hydrolysis is retarded except in the prevnirc 
of some catalyst (e.g., heatctl platinised porcehiin tutK‘); 
mustard, other vesicant gases, etc. 

a. The api^mtus is sensitive to cMuccufi.ifhiu of 5 mg. of 
disphosgem- or chloraceto phenone per cubic metre of air or 
10 mg. cltloropicriue wid mustard per cubic metre of air. 

3. TIte apparatus which is enckuMsd in a stout metal case 
qpemtes as follows 

Air is drawn into the machine by mwns of * hand i*pci.ifed 
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air pump of rolruht construction. Air is taken in by two 
separate inlets, one of wliicli leads directly to one glas.s detector 
Imlb, and the other, which leads vvi a platini.sed catalyst tube, 
spirit lamp heated, to a second detector l)ulb. 'I'lie two 
detector ludl)s contain liroino phenol Ikpiid indicator, through 
whicii the air is bubbled. Also included in the case is a bottle 
containing a giaierotis supply of fre.sh indicator witli a simple 
means fttr transferring the indicator to the detector bulbs. 
I'lie Ikpiid indicator is normally of a blue colour, which changes 
to a yellow in the picscnce of any of the known war gases. 

The principle of operation is as follows 
All known war gases contain (»ne of the halogens (r.g., 
{!liIoritie, brtrmine, iodine, etc.), 'rhe.se compouiKls have the 
projwrty of being hydrolysed in the pre.sence of moisture. The 
products of hydrolysis arc halogen acids, winch have tlie 
property of changing the colour of tlie bromo phenol indicator. 
With the gases, such as plto.sgene, lew'isite, chlorine, bromine, 
etc., colour change of the liquid indicator will take place in 
l)oth detector bulbs. With other gases (mustard K.S.K., 
B.B.C.) hydrolysis is retarded, except in the presence of tlie 
heated platinum catalyst, ronsispieutly, with these gases 
change of colour of the liquid indicator takes place in one 
detector bulb only. Hence the instrument serves not only to 
detect the presence of war ga.se8, but serves also to distinguish 
between the ;is|jliyxiating gases and the more vesicant gases. 

Apparatus for Use Inside Shelters 

riie Kling jHilvdeteeteur described above is primarily an 
ouliloor detector, but the Bruere Aero analyser, also supplied 
by Hoycott Protectors Ltd., is spec-ially suitable for u.se inside 
shelters. It is used liy the Paris autliorities for gas detection 
in all tladr (irst-aid posts. 

This tletector is illustrated in Fig. 23. 

Utilising simple and eharacteristic chemical reactions, it is 
claimed to Ik- reliable and not subject to failure or accidental 
irregularities. It reveals without ambiguity the poisonous 
prixiucts diffused in tlie atmosphere, such as rhlorojiicrim*, 
chlorine, plu> yperite or lewisite, udamsite, hydrocyanic 
acid, carton monoxide, etc. It performs 

t. The analy'iis of the exterior atmosphere surrounding an 
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af the hk! tlie migeiit at cmctMliMiows the ['S* i u*> ‘-f 
matt<?r. 

4, The apjMiratus ctintains a inaiHiinetiir iiHhcator of air 
jHe!,!4Hfe, wthcli shows at any moment whether the filtering 
devices artf wuskiu!; n'lsns.illy and whether the slieller is 
airtight, and also shows la«f«?s which occur in air hcks. 

The Bracre A* o* .lu.dv n- is contained in a metal Ik»x alKHit 
la X 17 K 5 in,, with all the reagents, absorbing agents and 
acie-iMiia-; of the fixed station, and also the ” < v| kn. j.” 

An as{»lratot device, which varies according to the conditiotis 
of th«* installation, caus^ the air, liable to la* pollutetl, to 
circulate in a series of ana!v 4 njt tubes * sjasda! 

reagents or reagent papers, any alteration in the appi araiHf 
of which (change in colour or turbidity) is a sure indiaition of 
the prcfa nn* and the nature of the toxic jiuhIum j, * ijn4uvi d 

A small folding shelf is potvidnl for the po pur.tiimi of 
unstable reagents and the filling of the ;iii.i!v 4 nf> tul>«». 
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In case of positive or doubtful reactions, the hand detector 
“ expl{»rer " should be used for controlling the air distribution 
pipe terminals and to give warning of the failure of the fdters 
(which may necessitate the reduction of speed of the passage 
of the air through the filters, and even sometimes complete 
stoppage and the adoption of the closed circuit respirable air 
device). 

Reagents and Chemical Products 

The reagent papers and ampoules containing the rciagents 
for papers to be imjjregnated extemporaneously, the compressed 
tablets for the " explorer ’’ are placed in well-closed aluminium 
tubes. 

Keagttnl Ncd t . , 'fhe acids, ])lu)sgDnt*, hydrolysed 

yperita and Icwinitt* (alert rcac- 
lion). 

Reagent paper No. as * . Detectn Hydrocyanic acitl (Hpecific). 

Reagent paper No. 3 , . Uetects Chlorine and various halogens. 

Reagent pajw No, 4 . . Detactn Phosgene (apecihe). 

Reagent paper No. 5 , . Detects Sulphuretted hydrogen, 

Rtstgeni paper No. 6 (which nuiHt 
iwi prepartsl extempora- 
naously with the ampoulon 

of rmgenti in the apparatun) Detects Carbon inonoxitie. 

Reagent paper No. 7 , . Detects Arsines (alter the reaction which 

takes place in a special tube). 

Keng(*ni paper No. B litS prepared 
extemporaneously with the 

ampoules in the apparatus) Detects Chloropicrine. 

Reagent paper No. 9 (is prepared 
extemporaneously with the 
ampoules in the apparatus) Detects Yperite. 

The Bruere Aero-analyser also contains in wide-necked 
bottles absorbent or reagent powd<n-s, especially a powder 
for the detection of yperite and lewisite and various reagents. 

Gas Detector Service 

A .sjMJcial service of chemists trained in gas detection has 
now been set up in this country. 

Decontamination 

The cleansing of houses, roads, etc., which have become 
contaminated with gas will normally be carried out by decon¬ 
tamination squads, the first-aid services dealing with the 
cleansing of personnel. 



{ivii. 1 )Ki i;n( !•: 


qfi 

( (iHiaminuiioH tlu? «m thi* m any 

objt'ct or {HTSuii of a ilH'tnical sulistanff c;t{»a!>l«’ nf giving off 
a poi'iou gas. 

If !nay In* rmuiutltTfii as a jfsult of 

A. I'iiif spray from ain rafl ; 

B. fli-avy spray from low flying aircraft ; 

or ('. Heavy ItK ul coiitamination froni gas iiomhs 

I>tTttnfamiHaiiiin means the treatment of the lontaminateil 
gunmd <»r t in such a way that dang*’! from direct contact 
has Iretfij eliminated and pi*ii^..nia3. vajKmr «an tin hniger In- 
given off. 

'Ibe particular treatment ucce.s.iiy will tle|M’iul tipun the 
identification td the gas, the severity of the contamination attd 
the urgency of dccontamimition, 

The general ptin* ar«‘ set ont briefly below. 


Dealing with the Non>persi»tent Gautes 

V'entilate contaminated spjices with fresh air, fan gas ont 
of confined space or liglit a fire to di->sip.(!« the toxic sulfstsmces. 


Deiding with Penittent Tear Gam 

1. Cover the iiejuid vkdth fresh earth. 

2. Host^ tlown the area to wash away giis. 

3. Treat contaminated material witlr m-nfi.tli inj' dietnkals, 

4. Rail off affected area until decoritamimitetl. 

DeaUng with Penditent Blister Cat 

(a) Neutralise with chemicals. 

(b) Wash contaminated article with water or a solvent, 

{c) Cover gas with protective layer of harmless material. 

(d) Allow wouthrring effect to destroy the gas if area can hi* 

isolated. 

Effective methods of decontamination may he summariml 
as bdow 

iVefe. Bleach paste consbts of 4 lb. of bleaching powder to 
X gallmi of water freshly made. 

Bleach cream consists of a lb. of bleaching jiowder to 
X gallon of water freshly made. 
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Tahlk XXVIH 


Sif.MMAKisM* Methods of Decontamination 

liQhU SiitirAc*KS - Trmtpnmt 

i^im !^pmy on any nurfaco ♦ Hosti clown within 30 ininutoH or Iravt? to 

weather. 


iifupy %pmy or ocitor r.oiu* (*f 
boiiih awtiuniimticm on ail 

HurfttOftt, 

(irms i'tuiktmiutiiwn round 

litunlr criU^rH oir.- 

Stout? iotti, Mtonei f’Uiving 
and concriftt? »urfacim, 

WcMxl paving * 


I’ar nuitaiclitni, Intiinuui or 
uN|'»htdt. 

WatfrdHniml macadam 


Natural i*artii» gra«8, etc. . 


Stem© or brickwork 


llle or concrete * 


Glared tllai 
Distempered walls 


Papered walls 
Painted iurfaces * 

WO'Oel doors and nnpaintiHl 
wemdwork. 


Hardwood polished surfaces. 


Upholstery , ♦ ’ . 

'Bedding and clothing , 


Carpets 


Hose dciwn immediately for 10 minuieK. 
Brush down pavements with blenching 
ptjwtitrr and water. 


Brush bleach cream and water <iver surface 
and into joints, leave for 15 minutes and 
hose down thorouglily. 

I lose down for 1 5 minutes. I a:?ave Ideach a nd 
sand in contact for a liours. Clean oil and 
hose down. 

Hose for 15 minutes. Use dry bleach. EwuP 
heating machines may lx* jh*( e.ssaiy. 

Ia?ave to weatlmr. Cover gro.ssly contanii- 
nated area with Nprinkling <*f bleach 
|K)wdor. Leave 15 ininule;; ami ho,s<i 
down. 

Cover with 3 in. of frt?sh earth and leave to 
weather. " If contamination severe ami 
near prcmiHt?s luld 2$ per cent, of bleaching 
]^>owdor to top layer of earth. 

Hosa down immediately. Brush in bleach 
cream. I,aav© in contact 24 hours. Host? 
down. 

Hoia down, leave bleach cream in contact 
10 hours. Hose down and apply sodium 
silicate solution l'^84 grade diluted 5**-1. 

Hose down and leave bleach cream in joints 
10 hours. Hose down. 

Wash of! with bleach crc?am, leave in contact 
48 hours. Wash oil and apply fsodium 
silicate as above. 

Strip paper and treat as last item. 

As for thstempered wilUi. 

Absorb liquid gas with dry earth, which burn. 
Scrub with blaach cream. Leave for 
24 hours. Wash oU and retpeat. Hemov# 
and burn all boards soaked with liquid gas. 

Swab with parahin, Treat with bleach paste 
and vasalin©, Leave in contact 24 houri. 
Wipe oflf and wash. 

Strip olfif and burn. 

W00ilm: Treat in steam diiinfector for 

I hour. 

€§U0n ! boil for i hour. 

MG.Ur0smM : Treat in steam disinfector. 

(a) Boll for a hours, 

ib) Weather for 14 days, 

(c) Spray with soda solution and weather 
I week. 

(df) Burn if badly contaminated. 
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Action Advised 

llie Home OfTict! advise the oliservance of the fujlowtoij; 
niles 

(i) Immediately on hearing an air raid watniji^^, take cover 
in a )t>e^ ltd room or shelter, unkt» your public duty 
< cun|«‘Is you to go out of doors or remain at work in an unpro¬ 
tected place. 

(ii) He sure you have your o pir.iU.t handy in your room or 
shelter, 

(iii) Do not come out of the room or shelter without cau¬ 
tiously trying to discover whether gi»s is about. 'Hw load gas 
warning will give indication of definite danger, 

(iv) If your duty prevents your taking a^ver during a raid, 
always have your l( ■.^lir.^tu^ ready to put on at once, and your 
protective clothing if lUn-essary. 
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The tests described in Appendix II show the ]>rutection 
afforded by ordinary buildinf,^s not gas-proofed, and Professor 
Haldane estimates tliat at least ten times as much gas is needed 
to poison people in houses as to poison them out of doorsT** 



CHAPIKK IV 
GAS-PROOF ROOMS 

Generally 

liiK public uluy justly rely ujiou the uuthciritiw ti» tlu ull in 
their power ti) proteet them af;aiust the tkiufjers of uttaek 
from the air, but there an* preeautions which each hmiseholiler 
is e\]>(i till to undertake for himself, namely, to make one 
cellar or nKuii in his house into a ,'t.i pjoof refuge, which would 
}«’ used only during an air raid. 

It may at once Ih* said that now the eivdian gas mask is 
issuetl and maintainefl tlie precautions outlined m this 
chapter need not iit once Im* put into effect. 

Appropriate prior arraiigeineiits shoukl, however, In* made so 
as to emihle tfit; refuge or shelter to In* jsj. cptickly 

under tlirerut of uttaek. 

Selection of Refuge 

I, All refuges should Ik* splinter-pnaif and blast picKif, as 
well as gas luottf, and where {Kissiblc an effort shoukl Ih* made 
to select a refuge, the walls and roof of wliich approximate to 
those described on p. 38 as affording reasonable protet tion. 

3. A cellar or basainent is liest, always po'vid* *! that there 
is no risk of flooding and that alternative means of exit exist. 

3. If there is no basement, dKX).se a riKim on the ground 
floor. 

4. Where the walls, etc., of a shelter above ground level are 
not of the necessary thickness, they should be i< iufcnf d, e.g., 
by sandbags or wooden boxm filled with earth to a height of 
about 5 ft. above internal floor level. 

5. Windows and doors sliould be protected by the con¬ 
struction of traverses of material of the neemsary thickness. 

6. The roof of a shelter below ground level or on the ground 
or flrst floor siiould be strong enough to withstand diims 
CalUng on top of it. If it is not strong enough it should be 
shored up. 

7. The windows of the rooms should be nnall and, if possible, 
not in an «*xjm,ii d podtlon. If they face soft ground, the blast 
of an exphnUng t:mb may be more unothered than if they 
face a paved or metallM surface. The glass will in any otMi 
be liable to be broken by the expicwdon of high i xj»k>>ivc 
bombs, even at a considerable tliviunci*, awl some other 
covering will have to be fastened over the window frame. 





(iAS-PROOF ROOMS 


lOI 


8. Wliere possible, the room should be ou the side of the 
house least exposed to the pnfvailing wind. Wind pressure 
will assist the entry of gas through small crevices and ill-fitting 
window frames. 

9. The entry of gas into a house is always assisted by 
draughts, so it is important to shut all doors and windows 
throughout the house before withdrawing to the gas-protected 
room. 

10. Apply the general gas-protection instructions to the 
whole house so far as possible after paying special attention 
to the selected rooms. If the penetration of gas into the house 
is reduced to a minimum, the occupants of the protected room 
will be all the safer, and a great deal of trouble will be avoided 
because the house will not subsequently need airing to the same 
extent as if gas had penetrated freely into the interior. 


Size of Refuge 
Unventilated Refuge 

The A.R.P. Department of the Home Office state in A.R.P, 
Handbook, No. i:— 

" The number of people who can safely remain in unventi¬ 
lated rooms for any prolonged period is naturally limited. If 
a room contains too many people, the first trouble will not be 
shortage of oxygen or increase of carbon dioxide, but intolerable 
discomfort due to rise in temperature and humidity of the air. 
The capacity of a room is therefore to be measured, not by its 
cubic content of air, but by the surface area available for the 
removal of heat, and the condensation of moisture. 

“ Under English summer conditions, closed rooms may 
safely be occupied for periods up to 12 hours if the surface 
area of the walls, floor and ceiling is equivalent to an allowance 
of 100 sq. ft. per person. The following are examples of how 
this formula works out in typical rooms:— 


Table XXIX 

Si«e of Room. 

10 X 10 X 8 ft. 

15 X 10 X 8 ft. 

20 X 15 X 10 ft. 

30 X 15 X 12 ft. 


Parmissibl© 

Occupants. 

• 5 

• 7 

. 13 

. 20 
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" Note tfiJit tlifse calculations arc not bawd on cubic 
capacity, which would giv’c dilhTcnt liKUi’cs,'* 

Note. The hgtiri's given above work out to the avcragi? 
cubic cMpm ily ullowaiu c of o iu cub. ft. pci {mtsoii jK-r minute, 

In A.H.I’. llaiulbiKjk No, b the ftilhnving is madiunciulcd : - 

” To determine the nmnl>er of jK‘0|)!e who ran U* acroin- 
modated in a k-i* piouf shelter winch is nitveulilit-d, allow 
75 st|. ft. of surface area ((UK»r, ceiling and walls) jwr jieiHon, 
On this basis shelters may Ik* ificupied for jK*rii>ds up to a 
mascimum of six hours," 

Noie. This would show a slightly more yeu'i.iii. cubic 
capacity allowance of tin average of o’.)3 cub. ft, jht jKTson 
|H!r minute. 

A man at re.st inhales H litres of air per minute, and, when 
actively exerting himself, this rate of t. j.ij.sfiMU is greatly 
incrca.stxl. 

An American authority ’♦ has stated that in an unventihitai 
shelter a minimum allowance of i cub. ft. jM'r man p«*r minute 
should Ih; made. This is alst) tlie .ippi-><iiu.t!f allowance 
recommendetl by a h'rench cxjwrt, M. tiharles Janliert. 

(ierman authorities allow four times the A.H.I*. Dejxirtment 
minimum allow.itu <-, nearly i| cub, ft. fH’r man jx.T minute. 

In imventilatetl shelters made g.f. piotif the air soon t»ectm«^ 
Kiturated witli moisture and the jx'ritKl M-piiod to attain 
saturation defumds largely ujxm the humidity of the air in 
the slielter Just prior to occupation. 

Tests have alw shown that after seven hours’ «« (*upalion 
in a gas proof shelter propoitioned in accordance with the 
minimum figures given above, the pmpoif ion of carlxiti dioxkle 
in the air increased steadily up to 3 {>er cent., and that after 
twelve hours the concentration of CO, would liave bt*<*n 

dauf;4*riius. 

Gas shelters are also likely to be uv.it »«»wded in an 
emergency, due to the last minute admiwion of additional 
persons .seeking sheltar. It is therefore of utmost impui latn c 
to design shelters on a generous scale to make allowance for 
this tentlency and to provide a good margin of safety in the 
capacif y and " survival ” time. {S<«s later section on Ventilation 
of Shelters.) 
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It should be noted that instead of basing the capacity of 
closed unventilated shelters on tlie interior surface area avail¬ 
able for tlie condensation of moisture and the dissipation of 
heat, the French authorities have a formula based upon cubic 
capacity: 

T- 3V 
14ON 

wliere T is the time in hours that the closed unventilated 
shelter can be occupied safely. 

V is the cubic capacity in cubic feet and N is the number of 
j)ersous. 

Taking three hours' occuiiation as normally .sufficient to 
cover the period of a raid the capacity rcNpiirtnl per person for 
this period of occupation works out to 140 cub. ft. by this 
formula, or 0*8 cub. ft. per person per minute. 

Gas-proofing 

Whilst it is true to say that the methods of making a room 
gas-proof are fairly .simple and their application i.s largely a 
matter of the exercise of common .sense, yet, as will be sliown, 
thoroughness is essential in currying out the work. 

Under the action of strong external wind air may enter and 
leave a " gas-proof ” room of normal construction at a rate 
equivalent to four complete changes of the enclosed air each 
hour unless very special precautions are taken to prevent it. 

The object is to seal up cracks and crevices through which 
gas may find entrance into the room, and the prot(‘c(ion will 
be increased if doors and windows are kept closed throughout 
the building so as to avoid draughts. 

Floors 

Floors of basements or .shelters on the base concrete and in 
an unbroken state monolithic with it are not likely to give 
trouble due to gas leaks, but if any porosity is suspected the 
surface should be sealed with a cement wash after all cracks 
have been carefully pointed up. 

Floors of timber built on joists are usually ventilated under¬ 
neath, and are therefore a potential source of danger. 

All carpets and linoleum should be taken up and cracks 
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between and at the etuis f>f boards shotild be ranlked solidly 
with a tnusli <jf newspajUT Iwaten to a imlp in hot water all 
siicli joints being finished off with strips (»f -fniU'' i'titnuiid 
paper stack thrwn. Linoleum shouUI be replaceti aiul pieferably 
struck down with a stnmg adhesive, all joints, however small, 
being Idled witli mastic aiul ct>ver«*d with gummed pa|KT stuck 
down. Spaces round thw ami skirting slmuhl also l«* caulked 
tight witli pa{jer pulp ami covered over with a wide strip of 
.strong i>u|>pr stuck solidly tlown. <'tir{K’ts should Iw it-pl.ecd, 
taking care not to ojxm any of the joints just made gorul. 

In designing new slielters jointless floors which can Im* 
reinforced should preferably In* usetl with a rove skirting 
carried 3 in. up the wall. Flmirs of this nature can lie added to 
existing faulty flmir surfaces of alt kinds and affonl a rearly 
means of providing a clean hygienit and g.i pOH.f surface. 
Jointless rubber c ompfiund ■ are also excellent for this pm po c, 
as they are resilient and compliant and therefore not likely to 
develop cracks under vibration during a bombardment. 

Structural ret|uitfment>* are dealt with in Chapter II. 

Special attention sliould be given to the Ldlowing 

1. Fill up and cover over joint between floor and hearth. 

2. Caulk round all pipes, cmuluits, etc., carried tlirough the 
floor and make {lermanently gocxl with putty, cement or 
bituminous ma.stic. 

3. Block up all air gratings under floor with {lermanent 
jtlugging arrangements which will not easily blow out, 

4. Plaster of paris can be run into cracks too lanall to la* 
caulked with paper pulp. 

5. A thick coat of varnish over the floor and over the 
“ patches '* will improve the gas tightneM. 

6 . Watch the g.e. proofing of floor, to det^t destruction by 
mice and rats aiul repair immediately, 

Cdiinp of in existing buildinipi can be g.t , proofed 

in the following manner:— 

(a) Locm and porous plaster can be cut away and rcnewetl. 

{b) Cracks in ceiling plaster can be made good with plasterer's 
putty and the whole ceiUng lined with two strong layers ol 
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lining paper. Alternatively, the cracks can be covered with 
gummctl pajjer. 

(e) If the njJiwr side of the ceiling plaster is accessible 
through the floor or in the loft above, the thickness of the 
plaster can be increased by the addition of gypsum plaster to 
tlie ceiling on top of the laths and between ceiling joists. 

{d) If not already protected by a floor, the ceiling plaster 
should be protected by t;ov(*ring the joists with galvanised 
(roiTtigat(‘d iron covered with 2 in. of sand or 3 in. of fine earth. 
(The ceiling might need an additional central support, see 
Figs. 24 and 25.) 

(tf) The gas 'proofmg of the ceiling can be improved by the 
application of varnish to the lining paper. 

If) New ceilings constructed of metal-faced plywood or 
fibre board with caulked and sealed joints and nail holes afford 
less danger from vibration and are most gas-proof. 

Walls 

Underground shelters will normally have gas-proof walls, 
especially if galvii.nis(‘d iron revetment or concrete wall lining 
is used. 

Shelters above ground level require special attention in 
gas-proofing the walls. Most normal building construction is 
far from airtight, and even unbroken wall .spaces "breathe" 
considerably. 

Table XXX 

Infiltkation through Walls may be taken in 
Practice to be Ari'RoxiMATEi.y as given below. 


Lt&kaft In cubic Imi ptr iquarc hot of wall p«r bour. 


Wind vdocity, 
ni.p.b,, m Cw- 

9-In, brick wall. 

* 3 |«ln, brick wall. 


Unrendfffd 


Plastered 

Knt 


Pl«it#rtd 


and uu' 
pltsttrcd. 

Flmhmd. 


plastftnid 

or r^ntb'wl 

Flaiterrd, 

and 

rindtrfd, 

3 

1.7 

0*01 


1*4 

0*005 

Negligible 

to 

4*1 

0*03 


3-8 

0*01 

M 

*5 

7.7 

o*o6 


7*4 

0*03 

l>» 

20 

12*0 

0*10 

M 

n *5 * 

0*04 

»» 

25 

iS*3 

0*15 


X6*© 

0*06 

## 

3 ® 

22*0 

o*aa 

tf 

20*0 

0*09 

#1 

40 

34*5 

0*41 

tt 

30*0 

0*13 

M 
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before it fias had time to be effective. To move away from an 
arlvancing gas cloud one mu.st, of course, keep ahead of tlie 
wind. 


Table XXXIII 

A man walking briskly covers , 4 m.p.h. 

A horse at a trot . . . 8 „ 

A iiorse galloping . . . 12 „ 

Cars could only cover what ground the congested roads 
would [rermit. 

L Brick WalU 

Brick walls for gas-ijroofing purposes ought to be a minimum 
of 9 in. thick plastered on the inside. If the pointing is 
defective, thus should be made good and porous brickwork 
treated with a cement wash and two coats of petrifying liquid 
All cracked plaster should be made good, as previously 
described, papered all over and varnished. All holes should 
be solidly filled and defects afterwards caused by birds or 
rodents immediately made good. 

2. Concrete WaUs 

Solid concrete gas-proof walls should be at least 5 in. thick, 
plastered, papered and varnished on the inside and cement 
washed on the outside. Two-way reinforcement will minimise 
any cracking causing leaks. 

3. Sand-bag Walls 

These should preferably be covered with corrugated iron 
lining ovcrlappcid two corrugations at sides in bituminous 
mastic joints, and with 6 in. end laps similarly jointed. 

In <L\'post!d .sand-bag walls all cracks and crevices should be 
caulked with paper pulp or similar material, and walls should 
be sprayed with decontaminating liquid when the shelters are 
in use. 

4. Fireplaces 

Any fireplaces existing in a room selected as a gas-proof 
shelter should be specially dealt with. The chimneys should 
be stuffed up with sand in bags, all crevice being filled tightly 
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with pa|H-i jmijt ciitiitly to jiji'Vfut drauj^tit. Any ii.uks in 
the hreplare through whifh tlr.iugltts may coint' hhuiihl also 
be Healed up as reeouimrmleil fc*r Hihus, Init sj«'« lal precautions 
should be taken to ensure that the protertive measures are not 
easily blown ott by air pi r siui- * .. whic h cK eur wljen 

csplo .iiair. take place in the* near vieinity. 

To tins end streeng plyvMtod slionht lie eut to Id over the 
o}K*ning and lixed thereto by any .ippiopii ct*- means, preferably 
with screws the joint In'iiig iHslded oti a semting of putty. 

Metii!-fnt:ed jilyvsmid is more ea > piouf, and should Iw used 
in preference to tincovered plywmKl, A flat steel sheet will 
also iHi effective, but the edges sltoiild Iw «,ij* fulh sealed dt»wti 
witli gunnned pajier jiasted on and varnished. 

New shelters should Ire constructed without fiti pl.it t-,. 

5 . Ventilators 

Any air-bricks or ventilators in walls of a . pontf sheltar 
should l>c careftilly fdksl with pii|H*r pul{» and plaster of piiris. 
The whole surfaci* shmild then In* twice pajwrrsi over aiul 
varnisht’d. It is impoit.mt that every vent or grating in the 
building and through which air inight circadate should l«? 
stopiHtl up, as this will impruvi' the gas resistance of the shelter 
by rninimiNing air movement abmt it. 

No ventilation opt ttisig . should lx? constructed in walls of 
new shelters. 

6. npeSt Basins, etc. 

Any waste pipt?s or overflow pijw?s leading to the outside 
should Ix! p!u?;j;i'd, and also any hole of any kind through which 
air might seep should be sealed up, 

7. Windows 

Windows arc a weaknew in any ? <!is .fju. {hm-., 

and if they exist in a rcxim «elt?ctt?d for vise as a g».s slieltt?r tliey 
should preferably be ic iuMved, the opening hrickixl up and the 
wall ga . pr««jfrd. 

If this is not possible they should be pmvjdrd with splinter 
and blast pi»if< t t Son, as described on pp, an el mq. 

If protection on the lines indicated above cannot be given, 
a substantial degree of protection may be mured as txdow. 
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(a) The glass can be replaced by a vitreo colloid material, 
such as celiastoid, in. thick, reinforced with strong wire¬ 
netting in close contact with it and fixed rigidly to the frame 
into which the glass substitute is " glazed.” 

Alternatively, a non-inflammable cellulose acetate tliermo- 
plastic material known us super ” Armourbex ” may be u.sod. 

It is a clear ” Bexoid ” in- thick reinforced with | in. 
wire mesh welded at every crossing. 

Sheets 6i X 27 in. are supplied by the British Xylonite Co. 
Ltd. at 3IS, 6 d. per sheet. 

The '' glazing'' should be made gas-tight with putty and 
the window closeti tight, wedged up and fixed with all cracks 
caulked with paper puli^—edges being covered with two layers 
of strong paper pasted down and varnished. 

(A) One-sixty-fourth inch sheet celluloid can be stuck to the 
existing glass witli cellulose varnish and backed up with strong 
galvanise<l wire-netting or expanded metal of small mesh, as 
described above. The rest of the window would be gas-proofed, 
as before described. 

(c) The re-glazing of the window with J in. internally wired 
glass can be undertaken, but although this treatment would 
minimise the danger from flying fragments of glass, cracks are 
liable to develop and gas be thus admitted. 

(d) Some degree of protection can be secured by pasting 
ordinary commercial wrapping cellophane on each side of the 
existing window glass, using cellulose varnish for the purpose. 

In every case the precautions recommended for window 
protection against blast pressures and splinter penetration 
should be undertaken. 

8. Doors 

Undoubtedly the best type of door for gas-proof shelters is 
that shown in Fig. 81 and described on p. 230. Another strong 
type is sliown on Fig. 84 and described on p, 231. Apart from 
the " air lock " described hereafter all doors to gas-proof 
shelters should be made airtight. 

This can be done by fixing rubber draught strips all round 
the door stops, so that when the door is closed and latched the 
strips are cuimpressiid. A draught-excluder should also be 
fixed to the bottom of the door, and care must be taken to see 
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that it ih really a Jit. In aihiitiuti tci the*, a frlt-eitveied 
dour Htuj) siiojild be iiailt'd to the floor. 

Keyholes iiiitst be bl<K-ked up and any craeks in tin- door 
caulked with plaster or j»ajHT pulp and euveieil with strijis of 
piiniiiii'd paper, afterwards vartiishi'd. 

If tin* do<i! is an okl one aiul has dr(»pjH-d, leaving' a tjap top 
and bottom when closet!, larj^er stops or atklititnial tates must 
Ik* nsetl, 

C.rucketi or broken wall jilaster at edj^e of tltwa fratne must 
be made gtXKl as tieseribed for W'alls, anti as the whole etiri- 
structiuti may have to resist etHtsitieralile vtbration slrotifi 
brown pajx*r edging ftrltletl ilown the tiiithlle before fixing 
should Ikj (*umme'i on to jirttvitle an elastic e.t, Ji ‘K? joint, 

An excclletit p.a' proof tltKir can In* made, as sluiwn in big. af», 
and hung in any standard optniiie. providing a double gas 
check round all hmr etiges, 

Joseph Sandeli & (’o. l.fti, supjdy an A H I*. tliKu tt> the 
following Np* ( i I ati aj: 

Sttlid core, alder, beeeh or oak fac e, edge rebatisl for gasket ; 
gasket, continuou.s band of i > | in. nimlopiih* coveri-d with 
j\i in. solid ruliber; (.t dinin ; . heavy refrigerator type, or 
mortice bolts, cill and stops providc'd. IVitaw from (»5s. each. 

A more ptiiitifivi- form of gas ptt.in ti.ai can lx* construcUsl 
with a blanket fixwl over a dcHir, The blanket sbottld In* fixed 
by strifjs of wocxl on the outside of the door, the f.i f* riinp t>eing 
stopfKid some 5 ft, alxive the floor level ou the; side away frean 
the hinges sind the bcjttom left lotrse at that corner st» that it 
can I>e Hftetl up for jKHjpIe to get tlirough. Twelve inclMrs of 
blanket should te left trailing on the floor to prevent air getting 
underneath it. The blanket strould bt* kept wet (w Figs, 
and 38). 

Tbe arrangements may Ire prepared in readiness and the 
blanket fixed with thumb-scrcum through the battens, In an 
emergency, when the shelter is m mpi< >1 during a g,is warning, 
the edges of the door should be covered with ipmrrijt 4 pajrer 
stripr. 

9 . Entesaoxi 

AH entrances to gas shelters sliould be screened with splinter- 
proof protection, as describdi on p. 38, and be pt>»vi4« d with 
an air lock, as descrilMrd below and as shown in Fip. 38 and a^. 
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10 . Air Locks 

An air lock doorway is an enclosed jcissagc-way with a door 
at each end. the {)assage being deep enough to prevent a man 
passing through to operate both doors at once. 'I'he minimum 
length of the passage-way should be 4 ft., as .shown on Fig. 27, 
or 10 ft. in the case of medical stations, when the passage must 
be .sufficiently deep to accommodate two men carrying a 
stretcher (see Fig. 29), 

The doors can be of the water-tight and blast-proof tyite as 
sliown on Fig. 81, the gas-proof internal type doors shown on 
F'ig. 26, or merely gas-proof blankets as sliown in Figs. 27 and 
28. The blankets should rest on frames inclined at 80 degrees 
to the hori/ontal, the overlap at sides being at least 4 in., and 
at the bottom at least 12 in. The blankets should be fixed at 
the top with a 2 x i in. wood batten, and others of similar 
section should be fixed at intervals of 24 in. horizontally acro.ss 
the blanket to keep it straight and weight it down. 

The battens should be fixed in pairs, the inner ones being 
short enough to pass easily between the clear opening of the 
frame and the outer ones being long enough to pass well over 
and rest on the frames (see Fig. 27). 

The blankets should be kept wet with fresh decontami¬ 
nating solution or ordinary water if the former is not 
available. 

In all air locks a tray of fresh bleaching powder should be 
kept on the floor, so that persons entering may be able to 
shuffle both feet in it to decontaminate boots or shoes, which 
may have piu-sistcnt gases like mustard gas adhiTing to 
them. 

A person entering an air lock after being exposed to con¬ 
tamination should remove his outer garments in the air lock 
and leave them there for decontamination before entering the 
gas-protected shelter. 

On no account should both ends of an air lock be opened at 
one time; when the external air is quite free of gas the air lock 
should be freely ventilated. This may be accelerated by 
fanning the air to create a draught. If the shelter is below 
ground a natural draught may be created by making a small 
fire in the shelter or by using electric heaters. 
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11 . Toting €a»-iJreof Shsltm 

what iias alifaiiy Iht« siiul, it will lx* miliwi that it 
will Ik* jiiartically iniiHiftsihlu tt» niukr a !*h«*lti*r tif any kind 
ahs{)!uti*ly ami «*umjilrti*ly m i '.' f 

Till* Caniliriilf^i* Scii*nlists Anti War tdintp li.ivr rvujvrd si 
€onv«*iiii'lit JiJfthiMl of iii< M ail iu;; thr ilfgiw of , 

of a shfltor or rt»oi« by im ^•>t.ti)U!l;; wli.it thoy tall tlu^ " Irakagr 
luilf-titnc," tin* tiim* trijihitd fur a giis foment rat ion in 
thf room to fall tt» half its intriiNity. That i.** to .%ay, if si gas 
concentration in the rtKitn were a j«*r cent,, ami this were 
retluccxl by leakage to a i jxt cent, concentration in, say, 
three hours, the " leakiige half-time " for the rtKini in ‘lia tj.to 
would be three I tours. 

This measure is {ntrely a ftinctitm «tf the Iciiksige, sind is 
indejK'mleiit of the particnlar gsts ronrentralion usetl. 

As previously i-xp!.tij»< tl, the leakage is tnnch iticreaseil hy 
air imivement external to the .shelter ami this varies with the 
wind. 

A n'.f; fight food store of reinforced cimcrete linwl with 
galvanised iron with edges ost-tlapjii d 2 in., pasted np with 
pajMT and smeared with vaseline had a leakage half time of 
j(H) honrs, normal almve ground shelters having tlrree to ten 
hours leakage half-time. 

The Cambridge scientists ctmclude frotn their * sj • riiot ut 
that the gas leakage is not so much rlue to diffusion molecule 
by molecule - as to " mass flow ” of the gasi‘5. and that if the 
concentration of the gas on one side of the wall is higher than 
on the other side? gas will go through the wall at the same rate, 
either into or out of the room. 

All gasi**! Inihave similarly when mixed with air, and the 
t‘x pet intents carried out with carbon dioxide will thcrefon* 
give a clear imiicaticin of the pt ifujinum >- of the rooms testeti 
when subjivted to jxdson gas concentrations, 

A simple test of the protection afforded by a sj.i ■ po uf room 
consists of timing the pem fi.ifioti of the odotir of amyl acetate 
when expoMxl on the outside of the room. The concentration 
of gas which can be smelt is about the same as that of an 
amount of iim.taid gi^ which would prove fatal in one 
flour. 

In a room having a leakage half-time of two and a half hours 
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the smell was detected in five minutes avera/iif, but in a room 
with leakage half-time of nine and a quarter hours the smell 
was not observed at all. 

(las penetrating intt) a proofed room becomes unbearable 
without a mask in about the time it takes for the .smell 
of amyl acetate to penetrate the sealed room from the 
outside. 

On the usximf){ii)n that gas mask protection is not used in 
the gas 1 (roofed room, the Cambridge .scientists liave calculated 
survival times as below ■ 

A. When the concentration of gas out.side remains constant— 
as with a prolonged bombardment with persistent gases—the 
leakages into the room are assumed to occur according to an 
exiKinential law. For rooms having leakage half-time periods 
ranging from ten minutes wlien unprotected to about ten hours 
when protected, the following survival times are calculated. 


Tablk XX.XIV 


LcakitKd hall Umn (or room. { 

10 minutes 
I hour 
3 hours 
10 hours 


Ktirvlvtl tirniB mitsidtin. 

4 minutes 
46 

I hour, 16 minutes 

5 minutes 

17 

55 .. 

6 minutes 

24 

.50 

minutes 

30 

I hour, 5 minutes 


Survival time imidu rmni 

12 minutes 
1 hour 

I hour, 30 minutes 
31 minutes 

1 hour 

2 hours 

1 hour 

2 hours 

3 i> 

2 hours 

4 .. 

6 .. 


B. When the concentration of gas outside is falling 
exponentially at the rate of reduction to half value in ten 
minutes, the time it is possible to stay in a gas-jiroof room 
without gas mask protection works out to the following 
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}f the is //.■ <? ;<earned ant and maintained 

as recommended aknfe, the survival time for unmaskcil. • •,] 
can l>e extended. 


vi-;Nin.ATi<)N' 

Genera) Principle 

The pro|M’r ventilation of air riiitl shelters of all kiwis is of 
paramount iniportimtf. and in order to understand the problem 
it will te w-n*. ..iiy for us to consider the j< pit4«<.n rf^quire- 
ments of man. 

Normal air shows the fidhminji < .itnpM item on volumetric 
analysis 


f%f 

Nitrogen (N,) . . 79-03 79^)3 

Oxygen (O,) . . 30-94 30-90 

Catrton dioxide (COg) 0-03 o-trj 


ITie nitrogen i* not absorbed by the lungs in breathing, but 
the exhale air contains on theaveragi- 0*4 ]^r cent, of carbon 
dioxide. 

The n«^pijatoiy profMs consists of 

(a) The ahsoiption of the oxygen from the inhalwl air by 
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the Imigs whicli transmit it to the blood. Tlte oxygenation 
of the blcKKl is a continuous process and is vital to the renewal 
of the cells, tissiies and nerve centres of the body. 

(h) Tlie discharge of in the exhaled air charged witli 
moisture and at increased temperature. 

'fhe res{>iratory exchange depends upon the .state of activity 
of the body, and the relation Is shown in the following table :. 

Taulk XXXVI 

Rkspikatoky Exchangk ok Man undkk Various 
Dkgrhes ok Exertion 

Cufnc Feel per Minute 



CiiWc 

Air 

Ciiliiitt Ffift of j 
Oxy<Ci»ii i 

('oftsuitint. 

Fret of 
«iven tiff, 

! 

I'irat f¥«iurrti. 
in Ii'rh.U. 
rnin. 

Kc*iiting 

cpa 75 

rpcwK 

0*007 

4 *<» 

Standing still 
Walking*'' .. 


0*01 a 

0*<K.>t) 

fro 

a m.p.h. 


tvtuH 

0*024 

15*0 


cvSHH 

o-ojS 

0*033 

a 1*6 

4 . 


<>•057 

0*050 

31*2 

4 i " 


0'07a 

0*064 

yyi 

.4 M 

2 *lU 0 

0*090 


50*4 


Respiratory exchange Ls the combustion within the body, 
and by which carbon and hydrogem of the animal tis.sues are 
combined ■with oxygen to form carbon dioxide and water. 

The gas exchange e.stablishes the carbon balance of the 
organism, determines the nature of the substances catabolised 
and measures the total metabolism. 

Increase of COj, in the air breathed is more serious than los.s 
of oxygen, whilst the lack of cooling increases the temperature 
and pulse rate as well as the consumption of oxygen, due to 
the increa.sed metabolism. 

The nervous state of alarm set up by a realisation of restricted 
breathing conditions only serves to aggravate the position. 

The physical proc.<‘sscs described above result in the genera¬ 
tion of heat and moisture, which must be dissipated from the 
body if the correct blood tiTuperaturt' of 98-4® is to be 
maintained. 





CIVU. DKFKNCK 


IJ.2 



mmAM smwm mom of mat om/FArm f/iom 

m occmm oFmmAiAMmsmriAs 


.io.™Sh«wing Iwftt (iiaHlpatlon from tlm > of biiriwl 

by radiation, convection ami («<mltin(«»n 





(iAS-PROOF ROOMS 


m 

A very siikUI rise in IiUmkI temperature is sufficient to produce 
u condition e(|uivalent to that of fever, anti researches have 
shown that a list* t»f i|", if maintained for three hours, is 
likely to have very serious consetiuenres. 

A man in a state t.f slight activity.as, for exainple, seated 

and playing cards in a shelter—woukl emit about 400 B.Tli.U. 



Oi*if bulb tempemture, "f 


Rcflfitkm kttwerii htmi Ims from thtt hutryin iRKly by 
emmmimn, riidintbri, canvuction and dry bulb toatpcTiiture. 

hSM.VM, 


of heat, about 0'6 cub. ft. of carbon dioxide, and about oz. 
of moisture jxt hour. 

The heat losss is made up partly by .sensible heat that i.s 
given off directly to the surrounding air by convection and 
radiation, and partly by (evaporation of moisture from the 
skin and lungs, heat being absorbed in the process of con¬ 
verting moisture into vapour, which is then taken up by the 
surrounding air (see Fig. 30). While the total is approximately 
constant for a person in a given state of activity, the proportion 
of sensible heat to latent or moisture heat varies with the 
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tfiupi-ntturt* of (1»‘ suiiotiinliii!; air, the latent lii-at of «<v4|iota- 
tion iiKTfiiHing with a rise in air ti’injK'i.jtno-. 

At an air tmijicratuif of nS’ I-", practically the wliole of the 
hi-at is i^iveii off hy twajMiration of moisture, there heitiK Jn» 
difference in liinjifi.ilitSf between tlie body and the air t«i 
indtice radiation. 

On the «itlier hand, at ti-nijii'iattio- trehnv (to' h'. very little 



bulb tmptnature, * f 


itfifl wtiglit IiMw frcim htmiafi tmiy Ity m 

utlll cir wooing air, 

evajHHati«m from the body takas pface-tht* moisture coming 
almost enthely from the lungs—but the heat «!i - ip.dt .! by 
radiathm in at a inaximum. Fig. 31 shows the relation lietween 
the dissipation of latent heat by evapoi.ition and the 
teinpeiatnre of the snnorntding air. 

At 70® F., for instance, 77 per cent, of the total takes the 
form of sensible heat and 23 per cent. Is usetl to evapxiafe 
moisture (about li o*. per hour). 
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AlidUt (k) per cfiit, o( the* former is dissipated by radiation 
and tiif balance by convectiini, while about half the latent 
heat ftinipuiifiit is dissipated t>i<i the respiratory system and 
one-half riu' the skin. 

The above projrortions obtain in still air in a tdosed .shelter, 
and are itatnrally subject to wide variation with chuiif'es in 
rates of venfilatimi and air movement (see h'ig. 32). 

'1 he importance of avoiding too close packing of the people 
in a shelter will, however, be apparent as people in the middle 
of a sludter wouhi lie surrounded by radiating bodies and would 
not have free access to the bounding surfaces of the shelter, 
which ultimately transmit and dissipate all the lieat not dealt 
with hy ventilation. 

A!)sorption of latent lieat can only take place so long as tire 
.surrounding air is unsaturated, and air in an enclosed space 
will tnpidly become saturated unless moisture is extracted 
from it. 

Below are summarised air conditions and their effects on the 
average person. 

Table XXXVH 


Air. 


IVititi, 
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over, 
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Comfortable conditioiisi in normal 
iheltor, 

Acuta discomfort, faintnoHS and a 
feeling of suffocation and alarm. 

A dangerous rise of body temperatui’e, 
pulia and rate of breathing, accom¬ 
panying panic. 

.Rapid rise in body tempemtiire in¬ 
evitable. Canditions extremely 
dangerous. 

Not harmful. 

Minimuta necessary for normal 
breathing. 

Quite innocuous. 

Increased blood preisure and head"* 
ache. 

Gradual impairment of rcipiration 
due to poisoning etiect. 

Dangaroui. 
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I’htsc factors in ('iiiiliinatiun 
cuiitriliutc' to what i*. tcrntcd 
" i'lJccti\'t* ii iiijiii.ituii'."' 


GKNKKAL KKQCIKKMKNTS OF VENTILATION 
Proper ventilation dejunuls npoii the followinp factor 
(«) \’ohime of air . 

(h) rmipi iatiiu- <tf ait 
(c) K’eliitive hniiiiiiity 
(</) Air tiiotifiti 

(c) I’lnity of the air iit leference to its freedotn from «»dotirs, 
dust, tt>xic <'t smokes, bacteria ;md othei nbj-■ tj.iti.dile 
matter. 

(/) Air tmn’eiiient iind ilistiihntion. 

( fi ) P*A'< h«illicit .d effects. 

A compunitively small air snpply wilt sidlice for the 
respiratory retpiiremcnts alone, but a large volmne jti.ty be 
neceviaiv for tlu* maintenance of health and comfort. 


Ventilation Type of Shelter 

For a given mind>er «if jierHons, ajiart frotn the eonsideration 
of mere floor spare, the size of a shelter is determim'd by lieat 
and breathing sjiace. In respect of ventilation three tyjH's td 
shelter may be n-i •i,[p)io d. 

1. Open Sheikn. \'entilated either naturally by way of 
the normal exits ami entrances, or Iry jlncfs with or without 
fortasi diaiedd. but without r.a tdtetiie; units. The j* .pis it*.) 
is the {Kusonal proteetion against gas. 

2. Seakd S/ielkm. Built t«i be gas tight and fitted with air 
lock. The shelter is inteudtal to give collective protection 
agiiinst ga.s ami respirator rteeil not Iw worn in tl»e shelter, 

j. Ventilakd pn-ktkd Slielkrs. Built to Ire "a . fi 'ht, 
fitted with air lock, witli mechanical plant drawing air through 
,gas filters, ami witli non-return escape valves. 

Generally spciduni;. the o|Hm shelter is indicatml as the 
normal type, the sealed shelter is suitable under tlomestk: 
control, and the ventilated ga-. piotn ted shelter would be 
approptiafe for »iKfcial shelters such us control centres. 

Various recommendations for maximum o< t up,incv have been 
issued by the Air Ministry and Home Offtce. and standards 
have Ixeen established based on wall area and on air volume 
in accordance witli the type of shelter. 

The limiting factors determining maximum iiccu|iancv in all 
cases are 
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1. That tlu! shelter has a sufficient amount of surface urea 
jter iiccupaiit to eiiHure dissipation of his bodily heat without 
causing too great an increase in the temperature of the air in 
the shelter. 

2, That the slu?lter has a sufficient rate of ventilation or a 
large enmigh air v'ohmie per person to prevent the carbon 
dio.xide concentration oKiH-cding 2 per cent, during the antici¬ 
pated [teriod of ()('l■npa(ion. 

Physiological Basis 

'file mimher of persons that can be accommodated depends 
on (i) the temperature to which the air in the shelter is raised 
during the occupation ; (2) the humidity of the air in the 
shelter ; (.j) the extent to which the air becomes charged with 
carbon dioxide ; (4) the velocity of air movement inside the 
shelter; (5) the teiiipeialure of the inner surfaces of the 
slielter {i.e,, the walls, floor and ceiling). 

Stuffiness is primarily the result of high humidity, together 
with the accumulation of odours inseparable from a })cr.spiring 
crowd. 

In Air Raid Precautions Handbook No. 5, Structural 
Defence,® issued by tlie Home Office, the following recom¬ 
mendations apiMiar:— 

Excluding sjMJcial cases, .such as shelters which, owing to 
the e.vigriieies of the site conditions, liave to lie accommodated 
next to boilers, hot pipes, etc., and based upon numerous 
experiments carried out in this country, tlie following tables 
of ofeti[)an(\V have been drawn up :— 


Table XXXVllI 



llnvwitilitfU 
|c.k,ii»tl«ht Hhpltpr* 
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Met'hanieftlly VpttUlatrtl Shrlters, 
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Shfltijr h VtatllaieU at tfw Eat«» givi-n opiwitr 
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3 hciliri 

75 ft 

3 

30 iq. ft, if shelter is above ground. 

la 

100 M 

40 «q. ft. if shelter is above ground, or 
m sq, ft. if shelter is under ground. 
50 sq, it if shelter is above ground, or 
35 iq. ft. if shelter is under ground, 


Vrntititiim 
RatP I'lfr 
Pptmm, 


450 Cll. ft. 

per hour, 
150 cu. ft. 

per hcHir. 
450 cu. ft, 
per hour, 
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bfiuvv. I In* tidal aii'a is i,imiu si|. ft. 

T.mui- XXXIX 
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The tables on tliis page have l>et‘n pt epain! to show the luimltei 
of pitople wlto can safely Ikj accommtxiattxl in roonts of typical 
dimensions and under various conditions. They all relate to 
shelters where occtjpants are at rest. In situations wh«!re 
personnel w'ill l«; i spei ti-d to remain at wtirk with normal 
cfiidency, hlglter rates of ventilation and greater stuface 
allowances will In* iiecessn 
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CAPAcrry of \ uc Gas-tight Kectanguiak 
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Table XLI 

CAPAcrry of Mechanically Ventilated Shelters 
Above Ground 


Dilupniliiiw til R«nii it* Ftjut. Numlwsr af Oecupanti svhmx Vuutilattej Hat«» ii: 



Width, 

Hulght, 

tJU. ft. pr 
jwr hour j 
fur Periods up tt» 

3 hauru. 
(I'utal Surface 
Area : 40.) 

450 cu, ft. per IVwori per Hour 
for Perlt'Kli up to 

3 htniw. (Total 
Surface 'i* 30.) 

13 Hours, (Total 
Suffice 50,) 
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16 

12 
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15 
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30 
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40 
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15 
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Table XLII 

Capacity of Mechanically Ventilated Underground 

Shelters 


Olfiwusimis of Interior In Feet. 

Number of Otjcupanti when 
Ventilation Rate is: 


Width. 

Hiight, 

150 m, ft, per 
Person per Hour 
for Periods up to 

3 Hours, 
(Sunaet + ao.) 

450 ctt, ft, p«r 
Pewon per Hour 
for Firitidi up to 
xa Houn. 
(Surface + as*) 

9 


9 

24 

20 

12 
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10 
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II 
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40 
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16 

la 

II 

50 

40 


In the Revised Code”® under the Civil Defence Act the 
space specified for shelters ventilated naturally by way of the 
nonmal entrances and exits, but without mechanical ventilation, 
is as below:— 
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For trench or tunnel shelters wholly or partly below ground 
level, where tlune are opcninn - to the air at eitlier end of each 
hay or traverse, and where not more than fifty persons are 
uceonunodutefl in any one bay or tiavr’i'se, or where the com¬ 
plete sheltr'r does not acernmiUKlate nsote than twelve p.-i 
there shall he not less than i|| stp ft. of fhan area for every 
person in the shelter. 

Ft»r other shelters, wholly or partly below grontul hwel fiiere 
shall he 

Not Ie. 9 s than h st), ft, of flrw area jK,*r j>er.soti; 

Not less than 50 cub, ft. 1 .iji.ieiiv per {Mnsori; 
and Not less than 25 wj. ft, <»f surface urea per j«*rsot», whichever 
gives the least aaa>mtu<KiatiotJ. (See also p. 12K}. 

Some idea of the relative thnssity of >« t np.ifixu t»f shelters 
can Im! gainerl by consideratiorr of tire f.-ntiwiie; tahh’: 
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From the above it will lie seen tlnit even when the highest 
recommended oreup.un y is adopted, a shelter will be far from 
full, and shortage of accommodation and lack of tne.un -tfion 
and drilling of the public is almmt bound to result in some 
degree of (<v«iit>iw.{Ing of shelters in the early stages of 
hostilities. 

A shelter designed for fifty people and having a floor area 
of 300 5a|. ft. might in a panic packed to c.ip.i. ity with 300 
people with disastrou* results. 

Medhanlcal VtmtUatikm 

Tbe general advantages to be derived from mechanical 
ventilation of A.R.P. shelters may be summarised as below 
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(«) The safe ocr.upnnoy of a shelter, both in numbers of 
persons and periods of ooeupaiion, can be increased by 
mechanical vent ilaf ion, thus necessitating a smaller shelter 
for a given munber of persons. 

'riiis reduces the size of the target and lowers structural costs 
to a degree that often covers the cost of the ventilation plant. 

(//) Ventilation maintains the air in its desirable condition, 
and enables filters to be used to eliminate dust and poi.son.s. 

(c) 'I'he mechanically ventilated shelter is always ready for 
use and does not need periodic evacuation for cooling and 
drying, as is the case with the closed unventilated shelter. 

{d) The pressure, or positive pressure, it is possible to main¬ 
tain in a slielter ensures that all leaks will be outwards, thus 
luhiimisitii; danger from imperfect gas-proofmg. 

(e) The vitiated air leaving the shelter can be directed 
througli lavatories, air locks, decontamination compartments 
to ventilate them continuously outwards. 

(/) The effects of overcrowding are much less .seriou-s. 

(g) The chances of persons catching colds on leaving tlie 
shelter are minimised. 

Open-Circuit Mechanical Ventilation 

1. WUhoni Gas Filters. This system has the advantages of 
low first cost, compa(',tne.s.s and high capacity, but has certain 
very defmite disadvantages. 

Dust, poison gas or smoke may be drawn into the shelter in 
relatively Iiigh concentrations and the shelter might be con¬ 
taminated with mustard gas. 

The gas mask is an esssential protection, but is no guarantee 
that panic will be prevented. 

2. With Dust, Gas and Smoke Filters. Such systems give 
ccunplete protection against dust, gas and arsenical smokes, 
ensure longer comfort conditions—as gas masks need not be 
worn—and thus reduce chances of panic. 

The coiu])k‘U‘ apparatus normally includes fan, trunking, 
valves and one or more filtration units. 

The containers for filtration units are the individual con¬ 
tainers which hold the active gas-filtering material, and must 
successfully pass the Home Office tests set out in the table 
overleaf. 
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All Iwtn III Ih:^ *it lli«» citit|tiil iil tli«? Iiltrr. 


General Re»|uirt'mt‘nts of Ventilating Planta 
(a) Without (ms Fiut-:ks 

Inlet. Tlte inlet should lie taken from some jKiint where it 
is considered to l>e as free as {jossible from gas. I lotne Office 
handbooks suggest a minimum heiglit of 30 ft., but local 
conditions must l>e taken into account, I'ests have shown 
that in amongst buildings there are many vertical ruiieut-^, as 
well as thermal currants, and thc^refore one cannot la* sure tliat 
gas, if present, would lie below 30 ft, from the ground. I’ossible 
damage to the inlet shaft by splinters and blast must l»e 
ct»n* 4 tl«ii<l, and therefore the inlet shaft should be placed 
where it can be prott*ctcd by the ,idjoiuiji|; building, if this 
exists. 

Asbestos cement and C.I. pipes are preferable to W.I. and 

steel 

Shtd^off Valm. It is nccc. .,uy that a * omph <1 lv ga. fight 
rfiut-off valve be fitt^, controUable from tin .h.-lu-j. 

Dud FiUw. It is rf!0)mmended that a tlust filter be fitted 
to remove masonry and other heavy dusts. A number of 
casttalties in Spain were attributable to asphyxiation by dust 
brought into the shelter by the ventilation plant. 

Heater. In some caiM it is advisable to iitMupot.di* a 
heater to dry out the Aelter before o(tup.dii»n, Unused 
underground chambw become damp, the air .ippio.itliing 
zoo per <^nt. rdative humidify. 

Fan. The fan Should be designed to give its rated output 
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against the total resistance of the circuit, including all ducting, 
and an allowance of i in. w.g. for plenum. 

Motor and Starter. Consideration should be given to the 
fact that the (■<iuipni(‘iil may luive to remain idle for long 
Iieriwls in a very damp atrao.sphere. The electrical ecpiipment, 
in piirticular, must be chosen with this point in mind. There 
'should be an atnple margin of power, so that the unit will run 
reliably for long periods or when the filter is by-passed or when 
tlie air duct is inadvertently closed. 

Alternative Drive. Some means must be provided for 
operating the fan in the case of power failure. This may be 
manual in the case of .small shelters, and for large shelters a 
stand-by Diesel generator may be used. Alternatively, in 
large shelters a number of small fan sets—each small enough 
for manual operation—can be utilised. The sets may be 
installed wholly within the shelter space. 

Distribution of A ir. It is essential that the air be distributed 
efficiently, so that draughts are avoided and no " dead pockets ” 
formed. One of the chief causes of discomfort is the layer of 
saturated air covering the body, and sufficient air movement 
must be obtained to remove this. This can be done by dis¬ 
turber fans, but can be achieved more efficiently by correct 
distribution ducting fitted with nozzles, so that the direction 
and velocity of the air flow can be set to suit local conditions. 
In small shelters, or shelters of the long and narrow type, it 
is often possible to di.spen.se with distribution ducting, if the 
positions of the plant and the air outlet can be chosen so that 
the air will flow through the shelter without leaving pockets 
of dead air. Distribution ducting should normally be at high 
level. The Office of Works adopt a flow of 26 c.f.m. per 
nozzle about 2 in. diameter. Velocity about 1,000 ft. per 
minute. 

Evacmiim Valves. In shelters which are reasonably air¬ 
tight, the air is evacuated through one or more evacuation 
vadves. These are of the non-return type, so that while air 
can flow outwards the valves would automatically close and 
prevent ing^^ of air should there be a burst and consequent 
pressure outside the shelter. The valves are opened by the 
internal pressure, or plenum, in the shelter, and are set to open 
when the predetermined plenum has been obtained. 
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(h) \'l-'NT».ATIN(; I*1.ANT WITH (IAS Fh TKKS 


hilel. Tfii* saiiu* !«'marks apply litnf as ft>r thf iiilfts for 
lutii liltratifHi vt-iifil.itiiij! plants, csi cittiu.;'. of fuuiM*. that it 
is iitit SC) in-i >• .It V Ui have the inlet amuigwl tn avuid ili-miif, 
in gas. It is, Iniwcvcr. an utlvantage tt> thaw as Inw ctm- 
centratiniis as possihlt*. in nnler tt» extend the life tif the (liters, 
It is inijMat.iiif to arrange the inlet in a jiroteeted jnisititin, 
so that the danger t»f it hei oming tlamaged or ttltK-keil is as 
snml! as |H»SHihle, A convenient inethtKl of airanging the inlet 
of an luideigi.iitiid slielter i.s to bring it np about z ft. above 
grountl level to avoiti floiKling aiul to jirotert it liy means td a 
small concrete Imx iibmit z ft. sijuare with Itmvres on op|M>site 
sides, sti that if tint* set of louvre.s becomes hlocketl with 
earth from a Intt'st, those on the opjrosite sitle may remain 
clear. 

It is recommended that, where pn iM«% two inlets should 
he u.sinl, so ananged that a part of the bnildin:; is between 
them ; thus if a hontb dam.iges one. the other will Ik* protircted. 
If the shelter is in the basement of a btiiklirig. it is convenient 
to have one external inlet and one internal, utilising, for 
example, it lift shaft. This, of course, d»*peiids on ItKtal con¬ 
ditions. It is essential that tlie inside of the itilet shaft.s lie 
treated with an unti-gas miripM .iti.m to prevent corrosion. 

fan. The fan must be .ni.nigi-d to give its full rated out]nit 
against the total resistance of the ducting circuit, |>lemim and 
filters when dirty. This means that when the filters are clean 
(and the resistance lower) the fan must not give more than its 
rated output, or the air would not l»e in contact with the 
charcoal long enough for complrli- ml .ta {it ion to take place. 
In other words, piovidim must be made to prevent the filters 


Plants. 

Control Valve. 


An efficient control valve should te fittet 

.... 
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(a) To ensure that the correct air (quantity is being handled 
when operating by power. 

(/;} To indicate tlie correct speed of operation when working 
the plant manually. 

Manmd Operation. Some form of manual operation is 
essential for use should the current fail. It is found that 
plants up to about 16,000 c.f.h. can be operated by two 
persons. Above that output either the plant should be split 
into two or more units or a stand-by generating plant installed. 

The Home Office re<}uirements for manual operation are as 
follows: •- 

Capable of being operateri by average adult.s of either sex, 
or by older children, in shifts of not less than fifteen minutes, 
and the number of persons reijuired per shift not to exceed 
5 per cent, of the number for which the plant is designed. If 
manual operation is fitted as an alternative to power operation, 
a reduction in output of 50 per cent, is permissible when the 
plant is operated manually. No reduction in output is per¬ 
mitted if the plant is not fitted with power operation. 

By-pass. All plants should be fitted with a by-pass round 
the filters, so that dust is not deposited on the filters when the 
plant is used on occasions when there is no gas present. It 
should be noted that the by-pass valve must be absolutely 
ga.s-proof and easy to operate. 

Filters. The acceptable performance of gas filters is laid 
down in the Home Office specification, and no filter having a 
lower iHTfoMiianc'e should be considered. The Home Office 
tests are shown in Table XLIV, p. 132. 

A poison gas filter consists essentially of three stages of 
filtration as follows 

(a) A pre-filter for the removal of heavy dusts, etc. 

(A) A particular filter for the removal of arsenical and other 
fir© smokes. 

(c) Activated charcoal for the adsorption of volatile gases. 

It is very imporfunl that the whole of the filter should be 
clKuiiically inert, so that no chemical change can occur in 
storage. All metal parts, casings, etc., should be treated 
inside with anfi-ga.s com})o.sition and any rubber parts should 
be made of rubber to Home Office specification. 

Provision should be made so that the filter elements can be 
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ifimtvwl. ami tiplan-i! on Hiti- withcuu diffirtiUy, and it is, 
of ctnirst*, cHHi'iiJial that rt‘]»laffim*nt snjipHrs Iw availalde in 
wurtitiic. 

Meihaniad Drlmlx. All mfctiaiiical details should he su 
dfsigiifd, ami the matfrials rlmsen. so that the plant ran Ik* 
left for long prricKls in storage* in damp atinoNphrir'; ami will 
ttpe-ratr rftUiently when raUml UjHin to tl<» so. 

IHHifdndum Ihniin^, Sw remarks under N«u»-hllration 
Plants. 

Ktmcmtion Valves, See remarks under N«m-hltrati«m Idants. 

Air The Home Office have •■peeitied the 

fullowijij; 

(«} For shelters where |M*rs«ms will lie sitting still: - 
150 cub. ft. jH^r {wrson jM'r htnu minimum. 

(b) For working spaces : - - 

450 cub. ft. per {>er»on jan' hour. 

For working s|Kices where thy numlrer of {»erst»tjs is unkturwti 
or vasiable, e.g., first-aid fKwts and decontamination stations, 
it is recommended that the air rptantity Im* choseti to give a 
minimum of two air changes per hour* in the enclosed space. 
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If cost permits, tliis sfiovild be increased to four air changes per 
liour. 

Plenum, 'flit* picssiuf obtained inside a shelter is a function 
of the air-lightness of the building and varies according to the 
total surface, the materials of construction, the age and state 
of repair, etc. 

A plenum of in. w.g. is recommended by the Home 
Office, but this can be safely increased to | in. w.g. when 
conditions permit. It is considered unnecessary to exceed 
this figure, and it may be mentioned that even if the plenum 
is so low that it cannot be measured, it is .still tliere, due to 
the fact that air is being pumped into the building continuou-sly, 
and tlierefore all the leak.s will be going outwards. Attempts 
should be madt?, liowever, to seal up the building, so that at 
least 0*05 in, w.g. is obtained. Plenums obtained in shelters 
of widely differing types are shown in Table XLV. 

Petrol-driven Units 

These require a comparatively large amount of air for 
combustion and for cooling. It is not necessary that this air 
should be filtered. 

• It is, however, desirable to house the engine itself in a 
protectetl compai tmeut adjoining, but cut off from the shelter 
proper. The air for cooling and combustion must therefore 
be drawn in from the outside independently and di.scharged 
separately to the atmosphere. 

Provision for satisfactory and easy starting should be made, 
and it is desirable to have a dynamotor of a 12-volt lighting 
set, with battery of about 60 ampere-hour capacity coupled 
up. This would be convenient for shelter lighting and for 
starting, though hand starting is a necessary provision, 

A stand-by manually operated drive should always be 
installed in such a manner that the persons driving it are in the 
gas-protected shelter. 

Noise 

The Home Office specify that to avoid distress to the 
occupants of a shelter, the noise miitted by the ventilating unit 
and by the dt'Hvwy of air through the trunking should be as 
inoflciisivis as possible and should not exceed 65 phons. 
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It must be remembered that most air raid shelters have very 
reverlienint interiors a shelter 26 x 15 X 15 ft. accom- 
umil.itii!); fifty persons would have a reverberation period of 
i'2 .seconds when occupied- and noises and the background 
of <-onvers;ttion would be ainplifie<l to an abnormally high 
cijiiiv.ilrut loudness. 

'i'he test sheet reproduced in Fig, 33 show.s the louclne.ss 
of .sounds in a typical shelter compared with familiar .sounds, 
and clearly indicates that, except to an attentive li.stener, the 
noise (jf the vimtilation plant would not be offensive. 

Temperature Control 

In an exhaustive study of the factors governing the di.spa.sal 
of heat and moi.sture in shelters, R. R. Poole, B.Sc. F.A.R.P.L, 
lia.s shown the advantages and economic po.ssibilities of 
rcfi if^i-i.ition. 


Application of Refrigeration 

“In tlie .shelters so far con.sidered the lieat has been absorbed 
by the walls and the moisture precipitated thereon a.s dew. A 
far greater absorption of lieat is possible by the use of 
r!'fiis;ci.it<‘d surfaces, the temperature of which is held .some 
40** to 50“ Ik'Iow the air temp(‘rature, since the tcmiieraturc 
difference is six to eight time.s as great as tliat between the 
air and the walls. The heat transfer coefficient from air to 
cooled surfaces is, moreover, considerably greater than that of 
a concrete wall. 

" Conventional air-conditioning cooling units of the forced 
air type could be u.sed for this pui^pose, but they possess certain 
di,s:idv!mf;tg(s, the pi'incij):il one being the necessity for 
electrically driven fans, which are not easily adapted to 
<’im‘igfnt'y drive in the event of failure of the electric supply. 
In such an event, moreover, provision would have to be made 
for the drive to the r-omprt‘s.sor to be transferred to a Diesel 
or petrol engine. 

'* To meet these disadvantages a cooling unit has been 
designed which has the form of a flat ice tank of galvanised 
steel containing the refrigerating coil. The tank, which 
measures only 3 in, in thickness, is set up on edge, preferably 
in the centre of the shelter, so as to expose both its sides for 
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tiu; direct al>mjitiuii nf heat, and the urea t»f the Hides is 
pn»{K)rti(»ned s«t that with the ctHituined he ut 52’ i*. the heat 
abH(ai>ti(jjt and moisture coudeiisatiou ■ upph ue otiu;; tlial of 
the walls will maintaiii the shelter couditioits at a suitable 
ti^tire ill'" [M l li\*- of air supply. 

" (ienerally -.pi .d.iii;!. the tank urea can Im* made a certain 
fraction of the shelter inside area and the [Huinissible shelter 
loading may determiiUHl for a given ta«rk-to-wall ratio, 

" 'Hie ice tank tievice po .' i-' .e . several impoilant adv,tnt,i;;i-. 
over any other metluxl of ccKding. In the first place, a o lit iv. ly 
Htntill refrigerating unit is able to Cfud and friT/x a charge of 
water over a {»eri(Kt of. Hay, twenty-four hours, atul once frozen 
u short {Kuimlind run I'lpil.itii! by automatic low pte 
control will suffice to keep the ice futzen, The amount of ice 
contained in the tank is sufficient to ahsorh the appiopsi.tfc 
piopoition of heat from the ui'ul.iti.m mimlHT of oMup iaf*. 
for a total j«!rio<I of twelve lumrs, thus a ipiick surcession of 
raid alarms, which, it is anticipatetl, would rarely exceetl three 
hours each will draw on the reserve ».tp4t itv of the ice, while 
the refrigerating unit will run continuously to refreezc the ice 
thawed during m cupation, rebuilding tlie reserve during ' all 
clear' peritxls. 

" Tlie long holdover period rentiers the plant indejKuuknt 
of frmpxi.uy cessation of electric supply ; while ri^pair of a 
broken su|)ply line witliin the total holthiver jM'iiotl would 
gem'j.dlv te pif il»h'. Irearing in mind that the reserve is only 
used at very low rate, while the shelter is nnotxiipied. 

" Enough ice for three-hour o(, npafiMii would remain after 
several days shut-down of the machine. 

"The hmuidify in the tHTUpie*! shelter b maintained 
somewhat lower than that In the nno ftiy. i.di tl shelter, a 
figure of 85 per cent, n pn- enliug the piohabh* average; a 
foufspundirndv higher dry bulb temfierature may therefore 
be toleratetl *’ 

By the use of refripration, ventilate air would no longer 
be risjuiretl to do any cooling, and the air supply could Im 
safely cut down to ccnnpiy with the oxygen and carton dioxide 
reijuiriunents, say, to i cub. ft. per person per minute. 

Poole show that with a design limit of 80" It is p«sible to 
accomniodatf in a fifty-person tunnel type shelter fitted only 
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with cooling surface equal to 18 per cent, of its 

total area twice us many persons a.s would be possible with 
even a 5 cub. ft. per minute per janrson ventilation, three times 
as many as witli 2-5 cub. ft. per minute per person ventilation, 
and tliree and a half times as many as an unventilated shelter. 

The use of refrigeration, therefore, enables the .size of the 
shelters to be cut down, thus reducing the target and making 
overcrowding less severe. 

From an economy standpoint, advantage can be shown by 
the use of rffrigt-iaiion, particularly when considering costly 
shelters giving a high degree of protection and when space is 
very limited. 

In short trench shelters, for instance, a saving of approxi¬ 
mately ys, per jjarson can be shown, and this will approach 
£5 per head in the case of bomb-proof shelters designed for 
ventilation with rcfiigcralion. 

ITie Closed or Regetwrative System of Vaatilation 

This aims at maintaining the comfort and safety of the 
occupants of a shelter by maintaining the hygienic quality of 
the air in the enclosed space. 

It will seldom be adopted on account of the fact that the 
necessary supply of chemicals, oompri'ssed air or oxygen will 
be <‘Xj>enstve to maintain and will need skilled manipulation. 

The shelter needs to be hermetically sealed if the loss of 
valuable air or oxygen is to be prevent(}d and, further, the 
diemicals are expcnd«?d whether gas is present or not, 

VentiUatiod namt 

A ventilating plant using the Carrier-Gas-Defence Filter 
gives a continuous supply of fresh purified air. Tests have 
been made with all concentrations of poison gases, colloidal 
raaokes and particte, and no trace of these is to be found at 
the fan outlet. Ventilating plants have been produced in all 
siz^ Mcor^ng to the numbw of people to be accommodated 
and to the type of shelter being used. 

One great advantage of the system is the low resistance, due 
to the v®ry large filtering surface. Only a small fan is needed 
and, should the electric power supply fail, the plant, can be 
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operated ni.miiaUy without calling for severe phynical eifort. 

It is often convenient on large installations to instal a small 
atixili.nv Diesel lighting set, which will provide emergency 
lighting and also jam-er for the fans in case of failure or shutting 
down of the normal {Kiwer supply. 


Installation 

A diagt-mimuiir layout of a typical gas filtration plant is 
shown in !•%. 34, which is sufficiently solFfspIaiiatory. A 



Fiq* 35 ,—iiveralt tiitafttstoni of gas iltratiott and ventiktioa units for electric 

or' manual operation. 


number of carrier units are also shown in Figs. 35, 36 and 37. 

The overall dimensions of the Carrier gas filtration units are 
given in F%. 35. 
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CIVIL DEFENCE 


Firstly, there is the fifty-person unit, 7,050 c.f.h. Tlie 
overall liimcnsions of tliis unit, which is in every 

respect, iui lniliii*; electric motor and manual drive fur the fan, 
are 5 ft, 4| in. lung by i ft. 7 in. wide, and the height of the 
diMh.ii|;i' (Idiiun y is 6 ft. from the ground level, To the 

1 ft. 7 in. should Iw addctl sufficient room h>r one man to staml 
cither side for turning the handles when tlic unit is Inung 
rlriven manually. 

At the present time -upplie. of this unit arc av.iil.dile, 
complete in every rcspict, erected anil gas tested on site, fur 
the sum of £fla los. nett. The prices do not include fur di.stri- 
bution ducting or for electrical wiring or builder’s work, which, 
of course, vary on every installation. 

The same firm are also in proiluction on a similar unit, 
but of a capacity sufficient for the protretion of too {xTsuns. 
The dimensions in this case are : length, 6 ft. 7 in.; width. 

2 ft, 2j in, ; height to top of outlet chimney, 6 ft. Here, 
again, sufficient space should l>e aliowetl on either side of the 
unit for an upeiaftir. The price of this is £127 itw., delivered, 
erected luid tested on site. 

The fdtera iucuiptu.tfi tl in the above units have Inien found 
under Government tests to have a life of 80a hours under 
continuous gas conditions at •■xp. ctrd concentrations. 

Totally enclosed gear drives, as sliown in Fig. 35, are prefer¬ 
able to the bicycle type of drive which, due to maintenance 
troubles with chains, countershaft br.uing ,, etc,, do not stand 
up so well to long periods of disuse. 


KllTH BLACKMAN HOUSEHOLD UNIT 
This little plant (illustrated in Fig. 37) will build up a small 
air pressure in the room and thus prevent any leakage of gas 
into the shelter through any slight defects in the sealing. 

To enable this plant to be put into use, all that is n* (• .05 
is auffident Moiall bora light sheet metal, flexible or t .t <1 iton 
piping to connect the unit to the outside of the g,» . pit»tif 
shelter or dugout, this piping being carried to a reasonable 
height above the surmundings to prevmt the drawing in of 
aur hrom a pt^Ue ps pocket. 

The manual power required for a unit air.inged to give 
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filtfre-d air t« twelve people or the full 120 c.f.in. with filters 
hy jiar.r.i t} is so stnail as to make electrical gear an unnecessary 
coiniJlicatitm and e.\|H'nsf ; in fact, the energy rctiuirt'd to 
prtKince tlje 30 35 foot strokes per minute on the pedal is so 
small lliat a child can provide it continuously in cither a 
standing 01 sitting position. 

FltMir space , upied only stj. ft. 

Weight approsiniafi ly (hi lb. for four persons, 70 lb. for 
eight pel .ote.. Ho Ib, for twelve |K?ri5ons. 

Quiet iit operation, the plant reepures almost no attention, 
due to its Miuniiig on ball be.-ti ings and its .springless free-wheel 
action, which features permit of the set running for five minutes 
after foot action stops, thus making any necessary change of 
operators a very simple and unhurried matter. 

It is of all-steel construction and is therefore durable and 
safe at all times. 

The filter canisters have lieen submitted, testetl and approved 
by the Testing Branch of the Home Office; they conform to 
all their requirements, and similar canisters are embodied in 
larger filtration plants bearing Home Office official certification 
mark. 

Each filter canister has three stages-—a dust pre-filter, an 
an«nic or smoke filter, and a filter to deal with all known 
volatile gases. 

Each filter unit is capable of giving 800 hours’ service in 
war gas conditions. 

The filter canisters can be rejdaced easily, quickly and 
cheaply, as necessary. 

A gravity controlled by-pass equipment is incoiTporated in 
the filter container, the operating rod being iMovidisl with a 
safety gasdight cap. 

This set can be arranged, if particularly required, as a 
straightforward ventilating plant without any gas filters, but 
with a amall dust filter incorporated. Under these conditions, 
ISO cub. ft. of air per minute can be delivered with only 
30-35 foot strokes per minute. 

An air-flow indicator can be fitted to this small unit, if 
required, at a smsdl extra cost. 

Fig. 38 show a compot mechanical ventilation and filtration 
unit, wWch is made by the Sturtevant Engineering Co. Ltd. 
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The unit shown in Fig. 38 •». tq.ii r j 4 !. n tllv Htnall fU»r 
space, but in common with otiter sets includes ; - 

A. Air inlet with control sliding valve. 

B. Pre-filter to remove coarse dirst, such as might be 

puKhufd by the fall of nearby huildiiin , 

(*. Header pipe. 

D. Gai filters. 

E. Suction header, 

F. Centrifugal fan with motor and .msih iiy {ledal drive. 

G. Venturi pipe for measurement of air volume. 

H. Gauge for indication of air volume. 
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Fid* af HttirUivunt filter v^iitikiioii net No. a. 
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Fip. 42 and 43 show the " Evertrusty Degea” shelter 
ventilator, type MR. 1200. The installation takes the form of 
slielter lilters combined with diaphragm pump arranged for 
manual o{H!ration. 





ir77 


■Diaphragm Pumpj 
Gas Filter. 
■Arsenical Filter. 
■Hand Lever. 
■Electric Fan. 
■Connecting Tube. 
Gas-tight Shut Off 
Slide. 

8 — Seething Pipe. 

9 - ^Cast-lron Pipe. 

10 — Wire Sieve. 

11 — Break In wall 8x8’ 


Fio. 41. ■Over-all dimensions of the filtration unit Illustrated in Fig. 42. 
and having a capacity of 43 cub. ft. per minute. 


belter FUtm 

Each unit consists of an arsenical filter and a gas filter, each 
of thwe filters being contained in a separate cylinder fitted 
with standard connecting threads. The cylinders are screwed 
together, so that each one can be changed independently, and 
the operation is facilitated by a flexible connecting tube in 
addition to a shut-off slide in the suction system which remains 
shut during the renewal. Shelter filters have been standardised 






I 5 « 

for tin? provision of dvfinitr* air supplies. A «|MTiid part may 
Ik? insfitcd biiwcni Ihv tli.jplisar’in pump and tin- suction 
systrui to nial)!i" llir apjniratus to 1 «* ns»*d for ordinary jifacr 
tiiiir vciitilatiiif' puipoa's. 

Diaphragm Pump* 

11 h‘sc itavi* proved t- p> * i.iHv reliable and Mutable fur the 
provision of air to Air Raid Shelters, t he interior of the pump 
lunises a rireuiar piston, whielt can Ik* moved up or down by a 
luiml lever, llie outer eilge of tin? piston is eoiinet tetl with the 
honsirig liy a circular leather di.tpln.irtu. If the levi-r is moved 
away from the ••per.dx! the piston rises, and tlie air over it 
pnd.l.tic . through a valve into the air raid shelter, 

At the same time the shelter receives a lU'W sup|ily of puritied 
air, which is drawn from outside through the Idter and the 
channel lying nmlerneath the jnston. If the lever is moved 
towards the ojwrator this ujin itiun is reversed. 

When the iiantl level is workeil at the rate of thirty-live 
strokes jx*r minute, the full.Aviiu; resiilt?( will Ik* obtained : 


Tabi.k XhVIII 
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The mimUer of strokes can easily lie conlroUetl by a {wnduluin 
wliich works at a rate of tliiity bv» strokes jier mimite and 
which can he hung up on the wall. All ventilators am la? 
wcirk<?d either by hand or by electric drive. One {lersori is 
usually sufficient to work the ventilators by hand, but fyi* 
MR.2400 has a sp^ial hand level so that two can work it. So 
long as current is available, the electric blower attacherl to the 
ventilator will provide the air supply. Ihe electric blowers 
arc fitted with univeiml motors, and are simply pliiggc?tl into 
the electricity supply. They can Mih .«-«jUrfitH Iw att,ached to 
the vcntilatora if m i i v iu y, 
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Construction 

The suction conduit line is best constructed about 9 ft. to 
30 ft. above the ground, the inlet aperture being suitably 
protected against dirt and rain. It is recommended that a 
draining pipe and a gaslight shut-off valve be incorporated in 
the snctuuj conduit immediately above the filter. Cast-iron 
j»iping should be u.sed fin- the open-air section, as, although 
tins will crack when hit by bomb splinters, it invariably leaves 
a cross-section free. On the other hand, wrought-iron piping 
may easily be completely cru.slied. 

Distrilmting conduits will generally only be necessary when 
one ventilator is to supply several ailjoiniug .shelters. 

Tabi.k XLIX 

Particulars 


Weight. Price, each. 


SlIKl/ftCK VtcNtitATCiH, I'VPK MH.Ckio t^wt. tjr. lb. £ $, d. 

Air Ciumfity, a tuib. ft. |wr tiiitiuU),tioiminting 
ril duiphriigm |ntiiip with iiitsicheti nht'lter 

filter f«ir hiiiul , , . , 148 2 24 35 10 o 

SlIKLTItR VlHI'ILATOII, TVI*g MliMm 
ICxEclIy Hi ifwctfteil Init with ehtctric 

bbwrr funivri-uil rttcitor, no or 220 vdts) 

for worktrtg tjithtir by Imncl or drjctrkally. 149 i 3 u 4t 15 o 

SiinLTig ViiNtit.Aiog, IA'PE MK.iaoo 
Aircapiirity. 44 c:ttb, ft, minute, a^nsisting 
Cl! diaphfftgiii |n*m|j with iittachad ihaller 

filter for hand c»|Wi4tion , . . .1150 50 0 0 

SitiLTEE VllHTILATCm, TVPM MK.UOO 
ICxactly m i|iitcifl«l alKiv®, but with electric 
blower (imimm&l riicitor, 110 or aao volte) 

for working either by hand or electrically , n 6 o 3 i 34 56 10 0 

SlIILTIIR VliNTILATOi, TyPE MR.2^00 
Air mpeity, S« cub. ft. pr minute, coamiting 
of ctlfipliragiii piim|i with attachml shelter 

filter for hand cipisration . » . . 1250 4 i 25 86 lo o 

VKMTinATOi, Type MR.24O0 
Exactly m al»va, but with alectric 

bknviu' (untv»'f*4l motor, no or aao volts) 

for wtukuig nthri-by hand or electrically * 1360 4 3 21 9915 0 

Connecdifig tioii!, inducling hewe clips , . i, 1 0 

Exceii pfesiure and exhaust valve * . Um24 3 10 0 
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fIVIi, I'l.M Ni }, 


Direct wiitiliitimi of the tniii i-;i sii v toiletn ami air locks is 
not nefeHsary. It is recouiineiided that the U',eil slieher air 
Im* espi llfl throii^'h thi’se rooius. Sliouhl it lie necessary to 
ventilate a series of rooms, it would lie titore eouvement to use 
a centralised ventilating' itistallatton, hut in order to carry this 
into effect a supply of current must Ik> availalilr to drive the 
electric ventilators and shelter lilfers. 

" V.A.V.*' gas filtration ami vetililation units are available 
at the prices given below : 


Taiiii. I. 


CafW!i!Vf4 

1 b' - fv : M 
rlivA 


|*»live#r4 iDul 

t»ol Iftsaialkflf 

\ 

r— " 



i 

1 


! 

1 

1 


50 

i<l 

HU 

4 

H 

II 



114 

4 

5 

? 

i5‘» 

Cm"i i 

liti 1 

i 

J 

II 


ltM:» 

t<»5 

1 


ti 

4(K« 

Urn 

i.to 

t 

; 

li 

5‘«> 

MW \ 


* 

5 

III 

7.y» 

jiMi 

SU 

1 1 

j 

li 

■V.., 



1, ... 


... , 1 


(h'itihirf t it, t«).}H, 

young, Austen luul Voting l.ttl., 
t4 Kurktnghiim Street, W.C.a. 

A cheap f*»mi of air purifier for use in cutijum fitm with 
vacuum cleaneni b now available. This b known as the 
roujiiinf Air Purifier and b * yhttdik d in shafie. the du»« n kai . 
Ix'ing 7 in. diameter and I3| in. high. There are three nowl« 
to tlw Jiir purifier, one for the inflow, one at the front t»ebw tat 
the purihetl air while the one at the front above b for the 
by-ims for urn ofjf.tnun.dc4 air. 

As long M there b no contamination of the atnmphere 
around a building there b no ncetl to tfie air through the 
purifier, ami, thertdore, each purifier b psovidwl with a bv p t> 4. 
which can be scrt'wetl d<rwn and dcMod a* »kw as contamination 
is likely. ‘Om flexible tube attached to the Suction Unit to 
txtnneeted to the front of the Air Purifier. To use the by-jmw 





GAS-I-ROOF ROOMS 


153 


it is only necessary to unscrew the cap and slip on the rubber 
mnnvcUtr or tube. The by-pass must be screwed down tightly 
after detachment of suction tube. 

'riie Air Piirilier Cylinder contains two cartridges—A and B— 
the cartridge A contains activated carbons, and other elements. 
Cartridge contains the Asbestos elements specially treated 
and canled, cotton wool impregnated with a chemical com- 
jxnmd and a i6-memlM>r absorlxint corrugated paper filter pad. 
Refills are available, 

Connected to vacuum cleaners by a suction hose the air 
purifiers may be attached to a door leading to a shelter or to 
the cover of a fireiilace from which the supply of fresh air is 
drawn down the chimney. 

One Air Purifier will provide i.ooo cub. ft. of purified air 
per hour. 

Prices are below. 


Table LI 

£ s. d. 

Conjoint Air PuRii-n u.2 17 6 

Cciuiplctc with Cartridges A and B. Unmounted 
but with fixing lugs. 

FinM’JAt i- Unit..3 19 6 

Air purifier, mounted on plywood panel with 
rubberised fabric apron to fit average fireplace. 
Doorwav Unit . . . . . . . 6 15 0 

Air purifier and Sears' single pneumatic air lock. 


Manual Filtration and VentUatkm 

A type of mannally-operated filter and ventilator is shown in 
Fig. 44. The advantage of this type is its positive action, 
siinplirity and ease of operation. 

An electro-manual filter and fan, made by Mellor, Bromley 
Sc Co. Ltd., suitable for a room housing twenty-five people 
costs ^50 complete ex works. 

Space does not permit of the inclusion of particulars of all 
the makes of ventilation and filtration plant now available, 
but those illustnited are thought to be ts^ical. 

No comparisoms are made or intended, and the prices are 
given only for the convenience of the reader. 
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cn n. DIM K 

In I ..u([>,!iiuj; gas lilfralion uiui v«-ntiiatinn plants, dut* 
regard nnist la- paid 1 «» flt»' si/i- <if the liltiT at«i flu* dnratitm 
(tf its cflectivriH'ss in iisi> as \vi 41 as its tapacity tu iiltiT snjtikrs 
and till* installt'il rnst pri prisun. 



(•lii j } ;sa Kri ji ti(r puiairr niaiuiiit lor slwllrTis. pU 

1‘tir till tlw lt?vrr k jli| lb. iiiiil iitir frmii; .-.'i 411 

nli'Tfkw wr tnliiiilif ilrlivrr ci.iti. It s'..' 

llgllt VAIVW, lilt* iwl H v^lvf* lot tliu Ifiilti llilrt oil llir 

f^ofitiftiiii^itri! ilili? Ilf tli0 fiftrr* and llii? ^cciiid a by'-|mM viilvr 
fur i»f> m iiiiig 11^ tlw ulr iniitifitmiiifiiiirtt., 

The installation of a ventilation system inrreases the * aj-.i. it v 
of a refuge and often results In a reduction in the " all in ** 
cost per person. 

KONIRACAS KMKRCK.NCY EQUIPMENT 

Rft tignldut; the difficulty of making any building r ».inpl« ft-lv 
gas-pf<M>f and also in order to overcome the defects which would 
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be catisft! in ortliiiary huiblings by vibration and blast, the 
Koiil Company limited have evolved a slielter in the form 
of a tent wititit can be slung from the walls or ceiling of the room 
in order to give complet«‘ isolation from all known forms of 
|)oison gas. 

This tent is inanufacttirtHl frotn tested, translucent material 
similar in all <ssentials to the material used in the manufacture 
of gas pitHif suits, and all the seams are hermetically sealed. 
It is conipU-liiy gaslight, and the only meiins of entry is 
provkletl by ;ui oju-uing in the base sheet, which can be quickly 
scaled frotn the inside. The tent when collapsed for storage 
piupu .'-: <K*i iipics <|uite u small space, but when erected 
encloses ftotn 1,000 cub. ft. of air ujjwards, urtairdiag to size. 
It is simply and easily suspended from the roof or ceiling, and 
hangs down to floor level in loose folds, taking up its natural 
shape. Being thus loosely suspended, it is at once immune 
from damage by t imeussion, and owing to its .special light 
construction, it may be easily slung by one person. 

Such tents tnay he used in the ordinary house or office, 
iKWiMtals, ambulances, lorries, trams, cellars, etc,, or slung 
under marquees or tents in an i-mergency. They are also useful 
in decontamination and cleansing centres. 

The air within the hermetically sealed closure would normally 
soon becomtt polluted were not some special form of ventilation 
and filtration introduced or a regeneralor installed. 

The •* Kontragai" Regenerator 

The air regeiieiafor lias been evolved after considerable 
research, and no fxiwer or manual operation is necessary, 
neither is it dependent uimn gas cylinders nor other expensive 
and unwieldy apitaratus. By the simple expedient of adding 
" air salt-s" (an accurate measure of specially prepared 
chemicals) to water, the neceasary amount of pure oxygen is 
automatically ;.npplii*d to the interior of the tent, and simulta¬ 
neously the carbonic acid gas given off by respiration is 
absorbed. In addition, hydmgi-u peroxide is freely liberated, 
which acts as an cxccctlingly efficient steriliser. This simple 
appuiatus will supply a normal atmosphere for any given time, 
according to tlie amount of" air salt'' available. 

For the smaller domestic tent, capable of accommodaiiug a 
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{iuiiily (>{ Jivf, luiiy twenty ” air salt " pai kets are ir i U!> 4 {or 
a c tmtitmouH " stay in “ of twelve liotirs, if sn< h a Ioiik pnirMi 
of siiellei ing shtmlii prove iieressaiy. 

Mark 1 i. ,;;. !!. i.doi, shown iti hif,'. .|5. is sintalile for six 
petiple arai tiie ««ist is ev woiks. 

Mark J!, suitable fur twel%'e {H'ojde. also shown in tin- alnwe- 
inentioiied Fig., is [ijt ev works. 

" Air salts " are is. iui. j»er lb. i lb. tin being sullieient fur 
tliree persons for one hmir. 

A Kunti.tpas tent H x K x 7 ft., . •..oij.lrO- with Mark i 
legeiieiatoi, tall Iw; jinoli.i ^4 for £j«i, am! a ta • 12 x 7 ft. 
tent, 1 otnph te with Mark 2 o e. sa r.iti.s, ran he j ‘..1 1 for 

jC4.S. 

To meet the demand f«»r papne id suitable for t> !up>»),n\ 
use in houses without the lent a liathrooin outfit, generally as 
shown in Fig. ,|6, is avail.dite at tX. this tuntains all the 
nei e* ,a\ material for the r t i.i*<..‘ui; of the b.»thr<«im, and 
the iiete‘.*,ary <!e ii):i.d , blankets and other .ipp.u.ituns 
descrilMsl for use in conjunction with water placed in the Imth 
for tlie piujKJse. 

This outfit is suitable for five adults or tluee atluUs atul four 
ihildii i), for many hours continuous op: 

One pound air sjdts !*» iu i.dc .i cub. ft. of oxygert, niul the 
caustic stKla pso.itH <'1 is suthcient to absorb 2 lli. of COg, The 
*’ air balance *‘ is preserved with no ineiismable change in 
pressure —if anything a slight plenum is produced of the order 
of 3 cub. ft. addetl to i,o««i. ; 1 lb, is sufficient to jircxUice air 
^l■|‘en^■la^i^»n for three jiersoiis for one hour, or one |Kjrfw«i for 
three hours; two childreti untlcr eight years counting as one 
adult. 

!n the tent, with ten {people present, i lb. of air salts needs 
to be added every twenty minutes. 

Note, A man at rest uses about 07 cub. ft. of oxygen per 
hour and poulm r. about 0*6 cub. ft. of CO*. 


TYPICAI. TESTS 

Carried out by L. H. Kent, Ewj.. at works of Messrs, (leoige 
Kent Ltd. 
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Ria’oKT ON Aik Conditions during Test or A.R.F. 

Siiici/rKK 

fesl Carried out an Thursday, July v^lh, 1939, 2,5 -b.m. 


Si/f of shfltor 

NiunbiT of {HTsons in slu'ltt'r . 
Surface area |)er person 
Culric I apacity per person 
Walls. 


7 ft. 3 in. high, g ft. wide, 
20 ft. 7 in. long. 

. 5 ». 

l()-I .sq. ft. 

26'() cub. ft. 

Whitewashed concrete. 

Ceiling 15 ft. below ground 
level. 


Test I 

All outlets sealed, pump not working, i.e., no air entering at 
all. Duratitm of test decided by comfort of occupants. 


Tahlk LII 


Milt ft. 

l''pin|wrkiyrtj 

nc 

Carlxiti Dioxide in 
Air jH»r cent. 

llunudity, 
Per cent. 

Cl 

t’S’S 

0*078 

62 

n» 

72 

0*396 

63*5 

Ml I 

74*5 

0-47(1 

64 

. 5 ‘> 

75*7 

()'C)IO 

65*5 

40 

77 

^'455 

67 

5 “ 

77*5 

DQ91 

69 

54 

St.) 

2*090 

6g 


Notes 

Time taken from the instant all occupants were within the 
shelter. 

Doors were sealed six and a half minutes later. 

Tempetatuie taken near one end further from door and 
4 ft. 6 in. from floor. 

Final temperature was taken at the geometric centre of the 
shelter. 

Pressure remained just above atuuxspluiiic value. 
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Table LIII 


Tltltei. 

iMi i-.jut. 

louiiwatuwat 
Nwr ICmI. 
{Ndir Kiitrawce.) 

Fressurts 

Differwidt*. 

w.c;. in. 

Carbon Dioxide, 
I*«5r oont. 

Hnmklityp 
Por cent. 

0 

Cx) 

70 

0 

0-253 

66 


76 

75 

4 


(>3-5 

■iO 

76*5 

76 

1 


64 

30 

77-5 

76 

1 

0-743 

65 

4a 

77-5 

70 

1 ( 1 ) 

? 


6(» 

50 

78 

76 



Ck) 

78 

76 

1 

0*765 

6() 

70 

78 

76 



66 

at 

78 

76 

4 

0-743 

70 (2) 


(t) Hint* in intc*rnnl prt^HHurn mUicocl by cracking open sealed gas door, 
(i) Sharp rise in hiuuidily due to pump stopping. 


The observed results are shown in Fig. 47. 

Conclusion 

At the end of Test i only one occupant complained of any 
di.scomfort, and it was found that he was suffering from 
indigestion ! It was generally agreed by the rest that conditions 
would remain tolerable at least up to one hour. 

Test 2 shows that condition.s reach equilibrium values after 
about half an Iiour. It should be possible to remain in the 
shelter several hours with the pump working and all outlets 
closed 850 long as internal pressure is not allowed to rise too 
much. 

Natural VentUation 

Except when gas is about, reliance can be placed on natural 
ventilation of shelters, pi-ovulcd the iirrangomout of doors and 
exits makes cross-ventilation possible or the use of protected 
low level inlets and high level outlets induces ventilation by 
means of convection or “ stack action.” 

Adequate natural ventilation should in every case be provided 
in shelters, irrespective of the installation of a gas filtration 
plant, because the 'continuous air change ensures habitable 
shelters all the time. 

An extractor of the Greenwood ” Vacaire ” type commences 
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to fXtratt vitiittfd ail 111 flu* lif^litt-nt lirr«v.r and ruulinnr'i to 
opcnitf in wiiuis of any Vi-ltH-ily, 

A ftfs!) air iiitaki* hioiiKlit tliniiigli a wratlit o'd nilrl at fiigJi 
Ifvol triijiiiiafinfi in a k«*‘» valvo at low Irvcl in tin* shrhrr 
romplfti’s till' sysli iii. 

(las-tiglit valvrs, whirlt may Iw instantly <io%rd !>y a sliglit 
twist t>f tin* loutrol hamUo, sliotild br littisl on tho inli-ts and 
ontU'ts in tin* sln-lti'r. 

To {'iituiofi- ail circulation the csttact jnja* should commcncf 
liigli up near the entrance or air hn-k and the intake low down 
at the opjMwitc end. 

The (ireenwtxxl-Airvac system, with t> ft, lengths of .} in. 
galvanised steel pijiing ci»sts £5 ^.v., aiul Murk HS, with H in. 
super extractor for fifty {htsohs, £25 los, 


Epipment 

Permanent ecjuipment itt Air Paid Shelters must lx* iid|nsted 
to the ii >|iuii*!n» Jit , of each case. The > iaipmessS of large 
communal shelters is dealt with in Chapter X.,Init the mini- 
muni contents for the smaller domestic slieltrr are ennineratetl 
Ixilow and depicted in Fig. 25. 

The cost of the minimum wiuipmeut for the .1 j.j -4 refuge 
rtKim would in tire majority of cases lx* much le.ss than the 
atove «”.ti!u.ttf, owing to the fact that the masks issnetl free 
by the authorities would in all probability lx; utiliml and 
furniture and domestic utensils used. 

The cost |x;r |x?rson ought not in these circumstancesi to be 
more than a few shillings. 

In addition to the alrove m-f *■ iti* ■. the h.Uowits;; would add 
to the«onvi'ijicn* »* and comfort in the refuge room : 

Teleph(tm -kit vitiUly utgent calls only. The servte in a 
raid will be overloaddl with offlicial buiune^ and may also to 
damt^di. 

IVitrli-sH .mail battery operated type—electric light service 
might fail. PhUco supply a suitable set. 

Fire Eylingnishfr ui hand pump for water and dark glaiaea 
lor fira fighting. 

Pd$ tepmiks- mdi as d^ basket and a^i box, |»rrot 
oige, etc. 



(iAS-PROOF ROOMS 




Table LIV 


Minimum Equipment for Emergency Refuge Room. 


Article. 


I. roll mil /is/ of all who should bo present , 

3. Gm masks for all c.>c(-upiuitH (5) with name of 

each on containers. 

Five spare hltem , , . . , 

Five spar© containers ..... 

3. Water in covered receptacle for drinking, 

washing, gas blankets, etc. 

4. FcK)d in airtight tins or jars, tinned foods, 

containers ...... 

Tin opener and corkscrew .... 

5. 1 abUm, chairs and benches , , . . 

ih I'wo rnattresses ..... ) 

Five blankets ..... j 

7. I dates, cups, knives, forks, etc. . 

H, Basin for washing, soap and towels 
9, Chamber |K)ts, toilet paper, disinfectant and 
screen for privacy ..... 

10. First-aid outiit .. 

n. Bo 3C of sand with shovel . . . 1 

Dark glasses.J 

13 . Emergency lighting, electric torches 

13. Means of repairing gas-proofing if damaged. 

Paper pulp, spare blanket, tools, gummed 
paper, paste, varnish, etc. 

14. On© set—gum boots, mackintosh, cap, pro¬ 

tective gloves, etc., for reconnoitring, 

1 5. Tray of bleaching powder for decontamination, 

spare buckets,' etc. 

16. Means of occupying the time, without exertion, 

books, playing cards, toys, say 
X7. Pickaxe, crowbar, etc, .... 

Totals 


Coat if uisw or 
not iMucd. 

Coit per perion 
oil Basil of ftvt 
porwms. 

£ 


(L 

L 

$. 

d. 

4 

7 

6 

0 

17 

i) 

X 

z 

C) 

0 

4 

0 

0 

X 2 

6 

0 

•J 

6 

0 

10 

0 

0 

2 

o 

I 

0 

o 

0 

4 

o 

o 

0 

6 

0 

0 

a 

5 

0 

0 

i; 

0 

o 

3 

o 

o 

0 

12 

o 

0 

10 

0 

0 

2 

o 

0 

2 

6 

0 

0 

<) 

0 

10 

o 

0 

2 

o 

I 

0 

0 

0 

4 

0 

0 

2 

6 

0 

0 

6 

0 

5 

o 

0 

X 

o 

I 

o 

o 

0 

4 

o 

1 

10 

0 

0 

6 

o 

o 

5 

0 

0 

X 

0 

X 

0 

0 

0 

4 

0 

1 

0 

0 

0 

4 

o 

£%% i8 

0 

^4 

r I 

7 i 


Homely furnishings —rest quietly and conserve the oxygen, 
and do not smoke or light candles or lamp. 

Carry on as far as possible with your ordinary civil occupation 
and thus minimise the effectiveness of the raid. 

Before repairing to the shelter shut all windows and doors 
in the rest of the building, put out all fires and turn off the gas 
at the meter. All lights should be switched off except in the 
shelter. 

F%. 25 shows the interior of a lo ft. by lo ft. by 8 ft. refuge 
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room suitable for five jicrsons for twelve hours* iMuJinuun, 
ori uiia(ii>a anti m<»st of the necessities atul other 

Kegarding the jxds, see Chapter XU I, 

Pl&ru 

'Ihe numertnis figures alreatly referreti tt» intlicate various 
methotls of dealing with a variety of assts iated with 

the gas jiiiinfuiu of a shelter, but Fig, .-.j shows the potb iMe 
work to Ik* done on mi ordinary i« ft. by i<j ft, by 8 ft. rtxiin 
;u:( uiiuttiid.ififi|; five |»erson8 for twelve hours, 

Spcd&attoni 

The specification of work retpiiied to tw tione in )>.i - ptn. 4 i!o; 
must m-tv .>,,irily be drawn up to suit the sjK*t:ific iripiiK-iuritt. 
of the case. 

The full(Jttini;are, however, hrmtl st-piirrsisrij? which should 
he 8{x*cif»etl as a general rule : 

I. The shelter mast, in an .ippiuvr,! manner. !«• o n.h x-il 
proof against blast pressure of a 500 Ih, H.E. Iwunb explmling 
not Im than 50 ft, away, 

'j. 1'he shelter must !«• rendered prm»f against the jienetration 
of .pliuicr, from a 5fM» lb. il.K. bomb r^p!i(dine not less than 
50 ft. away. 

j. *l*he .shelter must lx* reiulertnl safe against the {wnetration 
at a as lb. incendiary Iximh in direct impact. 

4. The shelter must l»e strengthened structurally as le-i.,uy 
to enable the rtmf to sustain the imiract and weight of Mri$ 
of the building falling down. 

5. The shelter must be g *. pu«.fi'd to such a degree that the 
smell of amyl acetate imparted to the air on all skies and over 
the top of It (by waving a cloth jmrtially soaked with this 
material through the air) doe* not jienetrate to tlie interior in 
under thirty minutes. When pcmrible, the advice of an expert 
shoiiltl Ix! sought and the work specified to be carried out to 
hi* satisfaction. 

Cort Data 

^t data for fijuipna-ni and filters and ventilator* have 
Steady been given. The cost of structural work and gas¬ 
proofing will necemrily depend upon the specific n- juis t-m* ut ., 
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Table LV 



Materials only. 

Bitimated 
Contract Price. 

1, Fill Protection 

Take up floor covering over ceiling of refuge, 
lay down 130 so. ft. of 3 DF2 Durasteel fiat 
sheet 1 in. thick and replace covering 

£ s. d. 

9 10 0 

£ s. d. 

ir 10 0 

2. Splinter Protection 

Construct sandbagged splinter protection in 
garden outside refuge 17 x 8 ft. high x 

3 fit thick av. (400 bags) 

400 

700 

3. Take up floor boards and strengthen joists 
with additional support on bricks in 
cement mortar wedged up with slate 

Under new struts and sand boxes (21 places 
10 bricks each). 

1 12 8 

3 I 6 

4. Provide 57 packing cases 2 ft. cube and fill 
with sand or dry earth and packed close 
and 3 ct)urses high . . • . 

500 

22 4 0 

5. I *rovitle and fix new timber strutting to ceiling 
as shown in Mg. 24, including wedges and 8 
dogs ....... 

2 16 6 

3116 

6, (Us Proofing 

l*rovide and fix four blankets for air locks 
with all battens and nails 

2 0 0 

2 18 0 

7, Wedge up window, putty up cracks and pro¬ 
tect glass with cellophane {16 aq. ft.) 

030 

080 

8. Ih’ovide and fix blanket on wire netting on 
strong frame over windows (26 sq. ft.) 

10 0 

2 10 0 

0. Seal fiwir cracks as described . 

0 2 0 

0 10 0 . 

10. Make |:(>ck 1 wall and ceiling plaster as 
descrilwd. 

0 2 0 

0 15 0 

11, Seal up two doors as described . 

0 2 0 

10 0 

X2. Block up chimney with sandbag, rags and 
plaitc^r. Seal fireplace with metal-faced 
plywo-od and frame as described . 

13. Block up ventilator twice paper and varnish 
(9 X in.) .. 

060 

0 15 0 

006 

0 2 0 

Total estimated cost of materials only for 
works shown on Fig. 24 . . 

Total eitinmted cost of work shown on 
Fig. 24 : materials, labour and con¬ 
tractor's profit . ’ . 

26 14 8 

56 5 0 


It will be mm that on the basis of the work being carried out by volunteer 
labour, the costs per person work out as below 

£ s. d. 

Fireproofing » . . . » i iB o 

Splinter protection . . - . 2 13 10 

Gas proofing. 0 15 i 


Total 


£5 « 






IW. (1V!L i'lM'Nt l 

A« a ifiiigh guide. lHi\V( \'er, !lu* estirriated east of the whale of 
the wutk indu .(ted iiii i ig, is giveti ill lalilr l.\'. !In- (itu es 

giv<*!i an* hasj'd iijmii those ruling in the I.audau clistiiet 
late in iiijn aiul inehtde eoitliat tor's pmfit. 

If the vvoik IS eanied out l•nlilelv hy \'i»hint«i‘r lahoiu, the 
woi k naltnallv would cost niut h less and would !«• hiiiiled to 
the tost of inateiials only. 

1 he riMtiiJ in i|ues!iun is to ft, hy lo ft, tut j»lan H ft. high on 
the gioiitul fiotu' of a two storey htuiM*, assumed to have one 
wimiow, h ft, t» in, l»y i ft. <» in., aiwl two dtiors tif the siitue 
(htiit li ion. otte fireplaee, » ventilator, t| in, hy <> in., and a 
(eiling that suppirts an iij>5»ei fUKir, ami that turds, 
ll< i.: tl'-nii.:' as shown. 

The average amount of stnuturaf tlefeets whieh would 
usually lie met witli iu prattiee has Ueii assumed. 

ANlT-tfAS COATINGS 

It is claimed that Vigoiisrtd (utints ami tisitui*; have, iH'shk 
their unitjiie atiou features (viz. wet on-wet at short 

intervals iK'twreri coats), shown after jataon ’t 4 tests to jjossfss 
highly Viihiahle resistant projietties to ttutstard gas, anti its 
recognised dreontamination prticess. 

The action of the gas is such that in its liqnkl state it is 
<|uickly ahsorhed hy the majoiitv of {laiitter! stirfaces, which 
hy virtue of tliis .4* ‘ iptson can l»ecoine a d.iny* f»>u. stiurre of 
future contamination. Further, the detmnlaniination processes 
necessary to u> •. .fully neutralise contamination is of a rather 
drastic character, which can (hemii.dly rlestroy, or t iiou ly 
weaken jiatntecl surfaces, and it is on this account that \'igari'.ed 
lutsliit have tieen developed along lines wliich have made them 
resistant to btUh the gas itself and the chemlt ally destructive 
actiott of diTontamination solution. Vigorisetl u;ti s;.. emit- 
ings can la? uj^'hrd for all kind* of decorative ftnislte# 
and for the jnipn-yn.itioH and pi(«*ruvi; of fabrics for ,iuf 
clothing, etc., etc. 

Tests have shown that two hours* immersion of Vigorisetl 
aidi ;;•(, medinin in liquid mustard gas leaves a mirface which 
can readily In* di t t.id,imiu,itcd by the ici ogutM I and standard 
methmls wifhotit detriment. Tlic pri» e . .u-- 15s 6 d, per gallon 
forinterionm‘and for rvtcrioj uf, imdercoatlng i8s, perpilloit 
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and finishing 21s. per gallon. The covering capacity is 80 sq. 
yards to the gallon, and all colours can be obtained frona the 
manufacturers, Messrs. Pinchin, Johnson & Co. Ltd. 

SANITATION FOR AIR RAID SHELTERS 

In view of the high degree of humidity likely to be caused by 
relatively large numbers of people remaining for a period of 
time in a confined space, and the resultant enervation of the 
alinosphcrt', no sewage, either solid or liquid, must be allowed 
to remain to the air. Sanitary units should therefore 

be either water-closets or chemical closets of an approved type ; 
latrine buckets or other makeshifts are not satisfactory for 
numbers of people. 

Watt'r-closets roly for their efficiency on a continuous supply 
of wat(‘r, and in view of the possible curtailment of this during 
an air raid, owing to lack of pressure in the mains, there should 
wherever ijossible be chemical closets in reserve, particularly 
for first-aid posts and other key points. 

It is very desirable that both water-closets and chemical 
closets intended for use during an air raid should be fitted with 
BAKEUTK SEATS, as these being completely non-porous can be 
very easily decontaminated and/or cleaned after an emergency, 
whereas wooden seats would have to be scrapped if con¬ 
taminated and are much more difficult to clean if they become 
fouled. 

In .selecting a system of chemical sanitation it is very 
important to ascertain that it is efficient without the fitting of a 
ventilation pipe to each closet as this is seldom practical. 
Some systems employ a chemical of a caustic nature which 
pr(Kluce.s ammonia and other gases upon contact with sewage, 
and are therefore not suitable for use in a confined space 
without individual ventilation of each closet. The type of 
chemical closet recommended is that in which the chemical 
is of a germicidal rather than a destructive character and 
iut'orpurates a sealing element, which prevents solid sewage 
from becoming partly exposed to the air during sterilisation. 
There is no objection to emptying such closets down a W.C. 
or manhole after the emergency. 

In calculating the number of sanitary units required it should 
be borne in mind that their use will be greater than normally, 



i68 


CIVIL ULI LNiK 

aiut tlu*n‘L»rf tlic* itiasiiiHim nunilwr possihli* shmild }«• pm- 
viclt'd. h is ii;'; ' trtl that fin«’ rlost-t to vwty jiltrfij 
of rath srji; is a suita!4r ratio tt> aim at, ami that i : .'o should 
!«• i< ;;.iid<d as tfjr miiiimmii ill imriii.ii tiicuuistamrs, i : ^5 
is railrti htr luidrr thr 1*7:11! idoo , 

I.ruding sanitary authorilirs have for rimny years 
(hr installatitiii of ciiemiral sewage treatment i*’! * < . for use 

in lot:ali{ies wiiere main .iiaiu.r;*- ami water su{»[»ly are not 
availahle, 

Such a system is ideally suitable for Air Raid Shelters, and 
the lilsan t ouvi iiirni < , fjiMi.oit* •-*! culourless ami !»v i* 5 ii<, are 
entirely self-contained, compuct. neat and sanitary. Over 
thirty different mtxlels are available, but mcslels most r* u* Kdly 
adopted for Air Raid Shelters are IClsan jmtterns. Nos. j}, 4^1 
and 45. 

Where it i.s not convenient to erect the ventilation pijK*. a 
cap i.s supplied for the vent, connection, and a M'la lAt l i.sasoi. 
user!, which ensures an cKltnirless and hy;;i. i.i* service even 
without the ii,se of the vent, pipes. Prices for these Iwing : 

I %. ti. 

Model No. jj. Without vent, pifj^ . . a 10 oeach. 

I» 44 * *• ** ** * .4^10,1 

.. 55 - .5 to '» .. 

Two cluirges of chemical are atpjiUt d free with each ttuxiel. 
Further • oppli* . ctrst 5s, {ler gallon (i gallon Ix'ing sulficient 
for right * 

The approximate sixes of each unit are as l»elow ; ' 

No. 33. 14I X 16 X 18J in. high. 

44, i5i X ic)| X is j in. .. 

.. 55- *5i X 19 X lyi in. .. 

The Austral Cabinet Co, Ltd,, of 15 King Street, S.W.i* 
haw {wrfndetl a system for tuMtiui* both excreta and ttrine 
in a strimg alkaline solution '* Austranol," which delivers both, 
in fluid fotrn, lit to go into the earth by a >» ili i} . or to 
a river or the sea, in a condition free frerm any living bacifii, 
even when typhus and cholera bacteria have Ircen known to 
be prewnt in the fa!cc?i. 

The Cabinet consists of a steel tank half (died with the 
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solution of “ Austranol.” This is of a special petal type, 
notable for the rapidity with which it dissolves. The essential 
feature of the Cabinet is a tray provided with a mechanism 
whicli causes it to rise or fall according to the raising or lowering 
of the lid. Thus, after the Cabinet has been used, the lowering 
of the lid subjects the tray to a quick immersion in the 
“ Austranol " solution. Owing to its design, a flushing action 
is set up which washes the excreta clear of the tray into the 
solution, where it is consumed and sterilised by the chemical. 

The mechanism itself, which is common to all models, has 
the advantage that it is simple and foolproof. A system of 
levers analogous to a link motion allows the rods attaching the 
tray to the lever extending over the seat cover to move in a 
perfectly vertical line, and flushing is accomplished without 
effort and with the minimum of friction in the mechanical 
parts. 

The Cabinet is made in numerous models, one of which. 
Type “ C " it is suggested, would be the most suitable where 
ease in emptying is important. It is equipped with a plunger 
contained inside the Cabinet, by which a sump plug at the base 
of the tank is withdrawn. This model takes 135 uses at one 
charge. 

Model " B '' is much as the former, but takes 275 uses at 
one charge and is still portable. Battery Model is three seats 
on one body, taking over 600 uses, and is used in ships, camps 
and factories as well as recreation grounds, etc. 

The Urine Sterilising Tank passes contents to the same 
soak-away or storage tank as that used for the Cabinets, in a 
state of complete sterility. It is suitable for use wherever 
Cabinet.s are installed for male use. 

The Austral Auto-flush A.R.P. Cabinet costs £6 6s., and the 
price of the eliminant is £3 7s. 6i, per case of six i8-lb. tins, 
each tin consisting of two charges for the A.R.P. model. The 
estimated cost per head of population for handling and dis¬ 
posing of excreta by this method after emergency can be put 
at 4s. 


LIGHTING OF AIR RAID SHELTERS 

During an air raid it is not possible to rely upon the main- 
tenmace of the ordinary electric service to the mains, and 
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automatic arrangements for switching in emergency lights 
should preferably be made. 

A hurried search in the darkness for candles or flashlamps 
would tlius be avoided, and as any naked flame consumes the 
oxygen so valuable to the maintenance of life in the enclosed 
space, they should be studiously avoided. 

The lire risk is also minimised by the use of electric light. 

A suitable system consists of a small battery of sealed-in 
cells, which are kept in good condition by a small trickle charge 
from the mains and are controlled by automatic switches 
which require no attention. This method of operation results 
in a reduction of the wear and tear on the battery and 
enormously increases its life. The battery is always in a full- 
charged state ready for an emergency. No skilled attention 
is nec(^ssary. The equipment occupies little space and no 
.s{)ecial building is recpurcd to house it. 

To prevent unnecessary use of emergency lighting during 
supply failures not due to air raids, it is possible to provide a 
suitable interlock with the entrance to the shelter. 

The storage battery evolves no gas or fumes whilst supplying 
the emergency lighting, nor does it consume any of the valuable 
oxygen in the shelter. 

The ('hloride Electrical Storage Co, Ltd. supply equipment 
of suitable sizes as below;— 


Table LVI 


Eepipmfnt No. 

t AJX. 

1 DJX. 

a AJX. 

, a DJX. 

Mains mitable for , 

A.C. 

D.C. 

A.C. 

D.C. 

of battery . 

7 ASG 3 

7 ASG 3 

14 ASG 3 

14 ASG 3 

Voltfiga of emorgancy circuit, 

12 

la 

25 

'^5 

Arnpcro bour ciipacity of 





battery in i hour , 


*5 

t 5 


lo hours . 

30 



30 

Total load in Watti the bat¬ 





tery can iupply for i hour 

i8o 

3:80 

375 

375 

3 hours 

86 

86 

179 

179 

Approximate prices initalled 

£^9 ro .9 

£27 n 9 

13 9 

£3^ 5 9 


A typical diagram of connections is shown in Fig. 48. 
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I’o prcivitlr (»»i tin* {Kmiblt* failure «{ the [JuhUc stipply of 
flretricity an altrinativr auxiliary systrin of liKhltiig ‘.houUi lie 
instiUlnl. the i»«>wer for which can Im* itr ! fjy siinilar 
(uraiiji t(» that ilt*st ril>wl for the v«*ntilaliu}4 plant, 

Another suitable ty|K* is destaibed Ik'Iuw. 

Tramportable *' NIKi;-NK\KKFAVI.E " Em«ifg«ncy tighting 
Equipment 

One of the great adv.itsta ’,' id this c; ’' ■ ^ is the fact 
that it has t:outr«ils for pt.-.-i iiu;** (oiiditioris and for 

cottditions uiuler a natujual • ue i ■' ju , I’urtfter. it is iraim- 
jxjrtable and can lx* ereetixl in a few tiunutes, no external 
petm.uu'ut wiring iM-ing rtsjuired. Ajwrt fioin "Off” and 
*' (’haigiiie " {xjsitions, the master switch can lx* set fur {X‘atT- 
time eomlilions, where the • so! j . o* y lights are normally 
"Off,'' hut automatically connected to battery oij failure of 
the mains, or hir air raid conditions where tlie emergency 
lights can Ik* o|K*rateil frotn main supply to give reducwj 
illmnination, ami such that they are automatically transferred 
to the battery when the supply is cut off, The unit is self, 
contained, the *' Hii k " battery lK*ing housetl inside the ecfuip. 
ment. 

This i- |ui|(in* }if is made in hii’e si/.es, tanging in output from 
24 watts to tft watts, further data tK*iiig given in the table 
Irelow. 

Hand lights with self-contained accumulator batteries are of 
considerable use in t-ue-uy-ui y. and the " Nife''*steei plate 
batteries, which are able to stand indelinitely and retain a 
complete charge for years, arc especially suitable. 

I AMt*lt EVIa 
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Type FB/25.—Weight 21 lb., and providing twelve hours’ 
light with g watt bulb, costs iios. 

Type LPi.—^Weight 2| lb„ and providing four hours’ light 
with 8 watt bulb, costs 93s. 6fi?. 

Type U.—^Weight 4 lb. ir oz., providing twenty hours’ light 
with 0 5 amp. bulb, costs 32s. 

Portable Generators 

The Tarpen Portable Petrol-electric Generator may be of 
considerable use in communal shelters as the generator may be 
wheeled outside the shelter, connected to the lighting system 
and left running' unattended. 

400 watt Model 

Engine. Two stroke, air cooled, detachable head, enclosed 
flywheel magneto, simple carburettor, sensitive electrically 
operated governor, " Petroil ” lubrication. 

Generator. Designed and built with armature d3mamically 
balanced and waterproof construction. 

Chassis, Sturdy and solid in construction, forms the exhaust 
silencing system, mounted on two rubber-tyred wheels. 

Price. Standard 400 watt no volt D.C. unit with power 
take-off socket, plug and switch. £35. 

1 kw. Model 

Engine. Four cycle, totally enclosed. Water cooled, fan 
and radiator, sensitive centrifugal governor, actuating the 
carburettor and controlling the fuel supply, thereby ensuring 
maximum economy with a varying load. Slow engine speed. 
Magneto ignition. 

Generator. Designed and built for continuous service. 
Guaranteed. Fitted three-point enclosed type power take-off. 
Coupling. Designed for silent, efficient operation. 

Chassis. All steel, including handle, sturdy construction, 
mounted on rubber-tyred wheels for easy transport. 

Price, Complete power unit i kW. standard voltage, 
220 or no volt D.C., with power take-off socket (three-point 
enclosed type). £60. 



cttiiiwt take sustfiiaiH'e by way «i baHi or ilrink I'r imich 
slwjj while wearing a gas musk. 

(iroup or coUtTtive proteetiorj ahortlH a means of i.rntrrtin;^ 
the iiidividiiiil during inipiat.uit duties, rest, elr, 

R«q>iratrMn 

When the (lermans hiunchcd tfieir first gas attaek in hrance 
during the World War they caught the Hritbh and French 
totally nnpi. jt-iHd, and with chlorine cauml i^.tsKi casualties, 
of which onedhird were fatalities, 

Within the short space of two weeks, in r*- ‘pun .<■ to an appeal 
by laird Kitchener, and thanks to the cUw'otifd efforts of Hritisli 
women, all men in the B.K.F. were providisl with some sort 
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From a plaster mould of 
the remains of a Gladiator 
victim of the disaster at 
Pompeii, a.d. 79, and repro¬ 
duced in the museum there 
in the position in which it 
was found in 1755. 

A hastily improvised gas 
mulller very much like the 
early British masks used at 
Ypres in 1915. 


By May 3rd, 1915, British 
troops were issued with 
cotton cloth pads soaked in 
a solution of sodium car¬ 
bonate, sodium thiosulphate 
and water. Each soldier 
also had a handful of cotton 
waste to stuff in his mouth 
and nostrils. The pads 
required frequent wetting 
and gave only temporary 
protection. 

Fto. 50. 




m. 
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On December nth, 1915, 
the Germans first used the 
deadly phosgene gas. The 
British Intt^lligenoe Service 
obtained five months’ notice, 
and also ascertained the 
sector in which this would 
be onuiloytKl. The attack 
was successfully met by the 
timely issue of a modified 
form of P.H. helmet which 
had two eye-pieces and an 
outlet valve of rubber. It 
was impregnated with caustic 
soda, phenol and glycerine, 
producing sodium plienolate, 
which neutralised the phos¬ 
gene. It was known as the 
P. helmet. 



Fig. 54. 



Fig. 53. 


To meet the increasing 
concentrations of gas in 1916 
the British box respirator 
was introduced. This had a 
canister filter carried in the 
haversack connected with a 
rubber pipe to a mouthpiece. 
A nose-clip prevented breath¬ 
ing through the nose and 
close-fitting goggles inside 
the face-piece were used to 
protect the eyes against 
lacrimators. 

With but small improve¬ 
ment this mask served the 
British till the end of the 
Great War. 
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ilii- lvi«' >•{ K*’ iii.ii'ik 
((iijilMyi«i l«'i hui hi * \ • hit 
iltf.; lh<' M.ii. tln‘ h.iji; tv.is 
iii.itl*' ill layiT'i 111 i’liiTHf' 
i liilh IliMti'ilH nil J ; .i J , 
wlurli iH-litrall'.ril tlir gas 

w)u*it tin- all was ittrathiti 
thr«iUgh il It iuVfit'il tlu’ 
iiijslrils iHily, as tlif lnirja; 
ill Jlitilf iii-vii brrallii'ji 
thriiuglt Its iiiuuth, flu* 
i-yi's air Hilt Hrctiiilsly 
attrt'tril liy lac iiHtatiit's (mr 
Cha[itrr X11I.| 


Till' fijiKlrrH British civilian 
mask <»{ the genera! tyjjcf, of 
whkii nwt 30 miliitm are 
inaruifjictureii and issued 
free to t!i«! {Jublic. 

They are in four sistes, 
suitable for children of from 
two year# to adults. 

There w no outlet valve, the 
exhaled air round 

the edge of tht 
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Civilian duty type of 
respirator—for use by those 
wliose duties may require 
them to enter and to work in 
gas concentrations, and to 
enable them to carry out 
those duties efficiently. 



Fio. 57 - 



Civilian duty type of res¬ 
pirator, Mark 11 , of the 
official type having standar¬ 
dised filter. 


Fio. 58. 





parent ‘i gas mask isrxlialttl 
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ANTI-GAS HOOD FOR BABIES 

Fig. 6i shows the Siebe-Gorman anti-gas hood for babies and 
young children who cannot use a respirator. 

It cotnprises a hood of rubberised fabric, enclosing the 
upper part of the body, and secured by straps around the 
waist. 

A large oval window of strong cellulose acetate permits the 
child to see and to be seen, and as the child's arms are free, it 
can play witli toy or doll when the hood is on. 

Air is pumped into the hood by means of a rubber bellows 
through a gas filter which is efficient against all known war 
gases and smokes. 

In use the bellows should be worked to their full extent 
forty strokes up and down per minute. 

The price c.oinjileU' is £3, 

THE CIVILIAN DUTY RESPIRATOR (MARK II) 

(See Fig. 62) 

The Siebe-Gorman civilian duty respirator has been designed 
to comply with the official specification of the Air Raid Pre¬ 
cautions Department governing respirators intended for the 
protection of persons whose duties may require them to enter 
and remain in gas concentrations, and to enable them to carry 
out those duties efficiently. 

The respirator has passed all the Home Office tests and bears 
the Home Office Certification Mark. 

In thdr own interests, purchasers of respirators should look for 
the Home Office Certification Mark. This mark may he applied 
only to certified respirators. 

DESCRIPTION 

Faoe-plece 

The face-piece is a seamless moulding of high-grade rubber, 
compounded and vulcanised. It is fitted with clear glass eye¬ 
pieces, held in position by aluminium frames. Fogging of the 
eye-piccc.s by the exhaled breath is prevented by discs of 
specially treated celluloid, which are placed upon the glasses 
inside the mask and held in place by steel springs. 



( IVIL Ml I I \t 1- 


iB'i 

The mask i*; with an r .h I'i;. ^ valve, whirh i« l«)iinc! 

tft a vaivf huliirr i*C alumiiman alloy, the latli-r Iwisifj M-ciirwl 
to I he fare j»ii t !• liy a hack |»l.itr anil hint nnl‘* ainl 

Ai!j:i '!;!«i t of sill* mank to faii*'> of ililfeti'iit si/i*** is ffSfiTtetl 
hy iitvaiis of a }i«MilK«*ai ioiisistiiijj of *i!\ rlaslir Hltajo, wliirh 
ittf i!ina«lr«l through slitlvH im the In r jiirre Karh of the 
six straps is aiiiuHlahli’, so that the fan- pun’ provules a 
piTfert lit on widfly diCh rii; : (aves, 

A scrvwcti metal • uma tiur piece on the mask is fitted with 
it non-return inhaling valve. Into this --.'Sise. Mui; piece is 
Hcrewetl. 

The FUftr 

The filter is chargeil with materials for liltrring | .i ./k-.sh 
giu«;» ami smokes. It will affoni pr«itertion for wveral hmim 
against the tyjies ami comentratioiis of gases wlikli are likely 
to Vh* encmintered in tmie of war. 

Imivortant 

It slioiiltl Iw noted, however, that the filler affords no 
protection against carlioii monoxide, amm««uia. priisisic acid gas, 
iiml many of tfie gasi*s ami vajantrs which are enrountertxl in 
irliemital and mdiistriiii {liants. These are m»I war ginars, and 
it is m)!.>. < therefore, to provide ps 'i u against them. 
I**urtherim*re. tlie civilian duty o-.j.ji.in common with alt 
Imx respirators, aflords no |irotertirm against atmospheres 
tleficient in oxygen. Such afmosphi les are likely to be 
encounter^l as a nstult of fires in confimxl spaces. 'Ffiey are 
frerptently ciu MuntfO'!-!.. also, in old disMserl wells, 

I.SSTHtTfKINS FOR USE 

1. See that the -as!; h-Kirhij* dto are in plaat on the inner 
wide of the glass**, ami that the >■%*■ frain«i are tightly 
screwtsl down. Make iure that the rubber warfien are in 
pwition in the outer rims. The order of .iN«.»-nihly of the eye- 
piitre is (i) washer; (i) ,mti f*<pfmu: disc; (,}) glass; 

( 4 ) inner nm I'he treated surfamt of the dea* is marked 
" IH.’* and this side should be towartli the eyes, the tliscs 
mtwt he handled wth care, so as to avoid finger marks, which 



Im(i, oj.- 4lviiiaM Duly i{e.4piniior Mark II adjusted ruady for uhc. 
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I'rnlHii! iHily II f»ti g,itT» 



MU. (>5, 'rim SiflH'-Gurmun Civiliat) l)uty l<(‘Hpiralor Mark 11, 
with 'r<’h*phMno 'I'ran.smittt'r and Kinanvt*!*. 
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Ilrfr|'strrtt*ir, t’'»ii' litr li^lilysn i.il •-Jitilu ,.ifi»l ^ 

4|r Sir* %•', 
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will impair vision. The discs must be removed before the 
mask is washed or decontaminated. The glasses themselves 
should be cleaned before the discs are inserted. (In the absence 
of the anti-f )gging discs, or if these become scratched or 
d.iiiiagf<l. treat the eye-pieees witli the anti-dimming compound 
provided in accordance with the instructions on the tube.) 

2. I'o put the mask on, hold it by the side elastic bands, 
with the thumbs under the two lower bands on either side (see 
Fig. 62). Put the chin into lower part of the mask, and pull 
tlie headbands over the head. The rubber and canvas pad, 
through which the headbands are threaded, should be in the 
centre of the back of the head (.see Fig. 63). Adjust the head- 
bands in turn, so that tlie face-piece is drawn into firm but 
comfortable contact with the face, and so that all the bands 
exert an ecpial jmll. Test the mask for gastightness by blocking 
tip tiie bottom of tlie filter. A book Laving a smooth, stiff 
cover is .suitable for this purpo.se (see Fig. 64). The adjustment 
of tlu! heudltands should be such as to ensure that the mask is 
firmly and comfortably .secured to the head. It should not 
slip if the wearer moves his head vigorously, or if he bends 
down and nods his head. Note that excessive tightness of the 
headbands may cause leaks by distorting the face-piece. 

Storage 

See that the mask is not folded or crushed when not in use. 
It is preferable to remove it from its haversack and keep it in 
an airtight tin in a cool dry place. 

Testing Respirators 

The efficiency of the civilian respirator shown in Fig. 56 
tU-pcnds upon how well the face-piece fits the head, the skill 
of tilt! wearer in putting it on, and on the size and contents 
of the filtering canister. 

A section of the canister is shown in Fig. 67. 

The activated charcoal absorbs the true gases and the pad 
of wool and asbestos fibres the smokes. 

In the service type of respirator designed for use in higher 
concentrations of gas the canister is larger and the smoke pad 
thicker. 
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In some masks it is replaced by pleated paper for greater 
protection against the more penetrating smokes. 

Activated charcoal in the form of small gramilcs is the most 
.suitable substance for the chemical filling of gas mask canisters. 

During the war it was made from cocoanut shell fruit stone.s 
and other dense raw carbons. 

It is now made from a variety of materials and consists of a 
very porous charcoal made by the carbonisation of organic 
matter. Subsequent lieat treatment witli steam by a proctuss 
called " activation,” increases the property of adsorption of 
gases by which the charcoal attracts and j)hysi( ally holds the 
molecules of gas like iron filings upon a magnet. 

Activated charcoal, as commercially available, usually 
adsorbs about half its own weight of toxic gas but highly 
activated carbons can be specially prepared to adsorb their own 
weight of gas. 

When soda lime is added chemical absorption is introduced 
thus cleaning impregnated granules and remleriug them again 
effective. 

Soda lime is a mixture consisting of hydrated lime, cement, 
sodium hydroxide kieselguhr and water in various proportions, 
and as the temperaf urc; increases its activity rises, thus counter¬ 
acting a fall in the adsorptive properties in the charcoal 
accompanying a rise in temperature. 

The general civilian respirafor is issued with the general 
assurance that it i.s ” perfectly effective against all war gases,” 
and on test has shown that it will be effective against chlorine 
for one hour against a concentration of i in 200. 

The solid particles in cigarette smoke are approximately the 
same size as those in the arsenical smokes, and a useful indica¬ 
tion of the efficacy of a filter can therefore be obtained by 
attempting to blow cigarette smoke through the canister. 

This can be done by temporarily removing the inlet valve 
and after inhaling smoke to exhale it through the filter with 
the mask firmly adjusted. 

The general civilian respirator is not entirely effective in the 
filtration of fine smokes, and should therefore not be relied 
upon for work in high concentrations. 

After adjustment of the face-piece the general gastightness 
of the respirator can be tested by covering the inlet to the 
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canister and inhaling strongly. If the suction is not sufficient 
to draw the rubber of the face-piece close to the face, then it 
is not sufficiently gastight and adjustments are necessary. 

. Normally ordinary glasses cannot be worn unless that part 
of the frame which normally rests on the ears is replaced with 
a close-fitting tape or eye-glasses of the pince-nez type are used. 

It should be noted that the anti-dimming compound provided 
with the respirator must be used on both sides of the glass of 
the spectacles. 

The recommendations for the testing, adjustment and 
preservation of the service and civilian duty respirators are 
given in A.R.P. Handbook, No. i, to which the reader is 
referred for detailed information. 

Care of General Civilian Respirators 

I. Respirators must be protected from wet, and when not 
in use should be kept, if possible, in a cool, dry, dark place. 


Spiral sprin^ 
compr6sslnf 
conzenis 


Wool and asbesios. 
fibres smoke filter 


Perforated Hn plate —I 



Thin rubber valve 

- face piece 

Wire^uze and 
thin layer of 
cotton mo! 

~Activated charcoal 
^a$ filter 

Wire ^auze 


SECTION OF CANISTER, BRITISH CIVILIAN RESPIRATOR 


Fig. 67. Section of Canister U8e.d on the general Civilian Respirators, 


2. Prolonged storage of the respirator in a folded position 
in haversack or container is likely to cause leaks in the face- 
piece, and this can be avoided by occasionally wearing the 
respirator. 

3. After use the head harness and the inside of the face- 
piece should be wiped dry and any rain removed from the 
exterior before the mask is put away. 

4. The inside of the face-piece can be maintained in a whole- 
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some condition when in use by periodic sponging of the whole 
of the interior with a weak solution of one part of Izal in 200 
parts of water, and subsequently sponging with clean water 
and drying. 

5. Respirators should only be used by the pensons to whom 
they have been ksucd and fitted, and should be disinfected 
eacli time it may be necessary for them to change hands. In 
any event they should be disinfected once every si.'c months. 

Protective Clothing 

Persistent ga.ses like mustard gas will attack the liands and 
face not covered with a gas mask, and, although ordinary 
clothing is of some value, it is dangerous to trust to protection 
by it for any length of time ; indeed, absorbent clothing may 
retain a persistent liquid gas and cause blisters many days 
after infection. 

For those who.se duties necessitate their working in [iro.ximity 
to concentrations of persistent gas, protective clothing of a 
non-porous oilskin is necessary. 

A complete suit consists of oilskin hood, oilskin jacket, 
oilskin trousers, oilskin gloves and rubber gum-boots (to the 
knee). 

Only underclothing should be worn under this suit. The 
rubber boots are necessary because leather gives only a short 
period of protection against mustard gas and is difficult to 
decontaminate. 

A photograph of a man eciuippcd with a completi! suit of 
protective clothing is reproduced in Fig. 66, and as the clothing 
is non-porous the heat and i>erspira(i<»n from the body are 
retained inside, thus causing rapid fatigue. 

Where adequate ventilation can be arranged to avoid 
dangerous concentrations of vapour, so that the only danger 
is from touching contaminated objects, the modified suit with 
coat or apron with sleeves, gloves and gum-boots may be used. 
Brief particulars of the cost of protective clothing against gas 
are ^ven below. 

BRIEF PARTICULARS OF RESPIRATORS, GAS-PROTECnVE 
CLOTHING AND FIRE-FIGHTING EQUIPMENT 

I. General CiviHan Respirator, Fig. 56. This respirator 
comprises a face-piece of sheet rubber, non-inflammable 
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cellulose acetate window and adjustable head harness. It 
is fitted with the same container as that supplied with 
Civilian Duty Respirator, Mark II (see Figs. 62 and 63). 
No general civilian respirator is yet certified by the Home 
Office, since certification procedure in respect of this type 
has not yet been evolved. The price of this respirator, 
complete with cardboard box and available in three sizes, is 
5s. each. Spare containers 3s. each. 

2. Siebe-Gorman Civilian Duty Respirator, Mark II. As will 
be seen from the illustrations (Figs. 62-63), this respirator is 
similar in appearance to that described in Air Raid Precautions 
Handbook, No. i. It differs, however, in the following 
respects:— 

(a) The eye-piece frames are of stainless steel instead of 

tinned iron. 

(b) It is fitted with renewable discs of specially treated 

non-dimming cellulose acetate, which are inserted on 
the inner sides of the eye-pieces to prevent the misting 
normally caused by the exhaled air. 

(c) The eye-pieces are of unshatterable glass. 

The price, complete in haversack, is i6s. 6 d. 

3. " Puretha ” General Service Respirator. The “ Puretha ” 
respirator is illustrated in Fig. 66. It is carried in a canvas 
haversack. The face-piece is similar to that used by the Army 
and Navy, whilst the container is of special design. The 
latter is of high efficiency, and its performance complies with 
the War Office requirements for containers of the general 
service type. The price of the complete respirator is 15s. 


Table LVII 

Gas-Protective Clothing 

Recommended outfit for decontamination and demolition 
squads:— 


Heavy Pattern: 

Jacket 
Trousers . 

Gloves 

Hood 

Rubber gumboots 
Steel helmet 


17/5 each. 
12/5 per pair. 

4/3 >> 

3/8 each. 
xo/6 per pair. 
12/6 each. 
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Recommended outfit for first-aid parties, messengers, etc. :— 
Light Pattern: 

Jacket . . . .11/3 each. 

Trousers .... 5/11 per pair. 

Gloves . . . - 4/3 „ 

Hood . . . .3/^ each. 

Rubber gumboots . . 10/6 per pair. 

Steel helmet . . . 12/6 each. 

Recommended outfit for cleansing station undressers:— 
Light Pattern: 

Sleeved apron . . - 71 ^ eJich. 

Gloves .... 4/3 per pair. 

Rubber gumboots . . 10/6 „ 

Fire-Fighting Equipment 

Fire-fighting equipment designed in accordance with Home 
Office specifications:— 

(a) Sand container, scoop and hoe, for 

smothering and removing light 
incendiary bombs . . . 17/6 per set, 

(b) Stirrup fire pump, complete with 

30 ft. of hose and stand . . 22/6 

First-aid pouches and surgical haversacks, as described in 
Air Raid Precautions Memorandum No. i■ 

1. First-aid pouches . . . 10/6 each, 

2. Surgical haversacks . . . 25/- „ 

3. Householder’s first-aid kit . , 5/- „ 





INDIVIDUAL PROTECTION 


189 


Table LVIII 

A Selection of Bell’s Asbestos Protective and 
Fire-fighting Equipment 


Eef, No. Description. 

I Bestobel Special 

Equipment 

(F. 53) As supplied to the Royal 
Air Force. Made in 
two pieces, and thus 
the wearer is able to 
keep the lower half on 
when on duty, putting 
on the upper part only 
in emergencies. 

An Air Vent, with a 
spring loaded hinge 
flap, is htted in the 
peak of the Helmet, 
which can bo closed 
before the wearer 
enters the flames to 
effect a rescue. Suit 
complete, excepting 
Gloves. 

A.R.P. % Combined Light¬ 

weight Equipment 

This Asbestos Suit al¬ 
lows great freedom of 
movement and affords 
ample protection to a 
man passing through, 
or remaining close to, 
serious fire conditions. 

Helmet, Suit, Boots, all 
in one, 

A.R.P. 131 Special Gauntlets 

(F* 18) Recommended for use 
with this equmment. 

A.R.P. 33 Asbestos A.R.P. 

Blankets 

A light Asbestos Blan¬ 
ket with quick-release 
Satchel, rendering it 
easily portable. Avail¬ 
able in the following 
siws 

5' X 3' 4^ with Satchel. 


Uses. Price. 

Designed for very rapid 1^36 

adjustment and maxi¬ 
mum amount of mobi¬ 
lity to the wearer. 

Can be used in fierce 
flame conditions. 


Can be put on over £13 
ordinary clothes and 
boots. This equip¬ 
ment is particulai'ly 
suitable for Fire 
Brigades. 


(In coarser and heavier £8 10 o 
cloth.) 

39/- per pair 


Provide a rapid smoth¬ 
ering agent at the in¬ 
ception of any type of 
fire. These Blankets, 
by the protection they 
afford the operator, 
enhance the value of 
chemical fire extin¬ 
guishers. Under cer- 17/6 each 
tain conditions they 
may prove more effec¬ 
tive than any chemical 
fire extinguisher. They 
have the additional 
advantage that they 
do not require to be 
recharged. The Blan¬ 
kets can be used re¬ 
peatedly. 
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Kai N(j. 

AJijTT 

A.K.P. (} 
A,IU\ 7 
(h\ 70) 

A.R.R S 
(K 7 t) 

a;h,p. si 

F. 16. 

A,R.P* 14 

A.R.P, 17 


Dascriptiou. 


Asbestos Fke Blankets 
Ske 6' X 5' Nan-ihiif 
Blanket coinpkla in 
triangnlar container. 
Swa 3' X $' Nan»llutf 
lilunkel, coniplota in 
circular container. 
Asbestos Folding Shield 
With s|)cciitl clamp to 
taka Branch pipe. 
Approx, tliinansioim 
closacl, iC>*' X 4^^ 
Opanad with aprtm 
dropped, 50^ x 70'" 
Approx, weight, 15 lb. 


Asbestos Light Fire 
Shield 

With Apron axtension. 
Approx, dimensions: 

With Apron faided, 

41 “^ X 32 ^ 

With Apron dropped, 
73 ^ X 32 ^ 

Ashestc^ Face Protector 

I\'akad cap with ashes* 
tos skirt hanging from 
peak and reaching 
shoulders, fitted with 
ruby glass eyepieces. 

Spraal Asbestos 
Gaiintleti 

Leather lined. These 
Gauntlets are made 
with a completely 
ioamlesS' padding, and 
whikt retaining flexi¬ 
bility, proYide a very 
high degree of pro¬ 
tection. 

Asbeslw Oannttete 

Made from Asbestos 
cloth, ingerl«i«, with 
DouWe Palms, Calico 
lined, long. 
Asbaitei Gamlets 

Made from As'bestos 
cloth, ingerte, single 
.palms, calico linw. 
with elMtlc wriit 
band, 


lliw. 

AbA.K.B. 33 . 

'Hicy form ohcctiva tcnn-' 
porury fire bulkhemlH. 


Of great value in allow- 
iiig operator tci ap» 
proneh close to an iio 
eendiiiry iHunb, nr to 
the seat of a fire when 
using sand, ehernieal 
extinguisher, or howf. 

The mica window pro- 
vitles ample vision. 

These shields will 
particularly useful 
when dealing with in¬ 
cendiary iHinibH. M1iey 
also form elfective 
t emtHirary fi re bu Ik - 
heads, 

A lighter pattern shield 
than 7 


Protection against ex¬ 
cessive heat. 


Suitable for fire fighting. 
This Gauntlet is sup¬ 
plied with the Air 
Force Kfiuipuient, 
Kef. A.E.P. I. 


For handling any hot 
matwial 


For handling any hot 
material. 


33 / 


54/“ 


la/fi each 


7 i/'“ paif 


10/- |»r |«ir 


4/6 per |mlr 
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Kef. No. 


M. 21 


A.K.P. 20 


A.R.l*. 21 


S. 3 


Description. 


Uses. 


Price. 


Asbestos Paper 

Jn Rolls 40" wide, i 
cwt. Rolls or less. 


Thickness 



(>•007" 

o-oxo" 

0-020'*' 


375 

5*l6 02. 
TT -25 02. 


Asbestos Cloth Curtains 

Not waterproofed. 


Asbestos Cloth Curtains 

Non-ilutT. 

Plain Colours. 


Asbestos Fireproof 
Millboard 

‘ Special Quality 
A specially hard board 
with a smooth surface. 
Can be supplied in 
sheets up to 12' x 
4/ 6^ 1/32^ to J'*'thick. 


When attic or loft floor 
is covered with earth 
or sand, Asbestos 
Paper forms a cheap 
and efficient fire proof¬ 
ing, for rafters, etc., 
agiiinst incendiary 
bombs. 


1/6 per lb. 


Can be easily fixed to 
woodwork with draw¬ 
ing-pins. Experience 
shows tliat the 
“ splash " from an 
incendiary bomb will 
not ignite rafters pro¬ 
tected in this manner. 

Eor Air Raid Shelter 
entrances. This mat¬ 
erial is Fireproof, 
Rotproof and Rat- 
proof. 

Provide an efficient and 
cheap method of pre¬ 
venting fire from 
spreading along alley- 
ways and corridors, 
long enough to allow 
people to make good 
their escape without 
being hampered by 
heat and smoke. 

Will withstand temper¬ 
atures averaging 
1,200“ F. for as long as 
six hours. 

A fire-resisting panelling 
material. May be used 
in conjunction with 
Rostobcll Felt. 


From 5/6 
per sq, yd. 


PTom 9/6 
per sq. yd. 


i/- per lb. 


BestobeU Bomb Snuffer 

A wire mesh frame specially strengthened and sprayed inside 
and out with asbestos fibre finished with a hard surface. Pro¬ 
vided with a 2-in. diameter ring at top to facilitate handling. 
Will effectually prevent any spread of fire from an incendiary 
bomb which has fallen on a non-infiammable surface. A handle 
not less than 6 ft. long with hook at end should be used to place 
in position. (See Fig, 20). 


Price: 
Snuffer 16/9 
Plain wooden 
handle fitted 
with hook 
at end 
1/3 each. 
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Portable Fire Shield 

A light yet rigid flame shield of 3T)F2 dukasteki. paneUing 
has been developed for the use of factory tire parties or A.R.F. 
squads. It is | in. tliick, with chaniud steid hound edgts, and 
weighs approximately 22 lb. Size 4 ft. by 2 ft. Nott* narrow 
ob.scrvation .slit and webbing arm straps. Operator can 
approach a thermite incendiary bomb with safety if <‘iiiiij>ped 
with the DURASTKEL 3l)F2 lire shield. Price 35s. each. (See 
Fig. 21). 



CHAPTER VI 

BUILDINGS 

Generally 

To design a structure giving protection to the occupants 
against aerial attack the architect and structural engineer must 
consider the forces of direct impact, the penetration of splinters, 
blast from explosion, earth vibrations, falling building material, 
fire and the penetration of gas, noxious chemicals and bacteria. 

Materials 

Apart from the use of steel armour plate, reinforced concrete 
has been found to be the best medium of building construction 
for the greater degree of all-round protection. 

Experiments carried out by the French authorities indicate 
that the penetration of heavy bombs into reinforced concrete, 
mass concrete, brickwork and normal earth is approximately 
in the ratio i: 1*5 :3 : lo respectively. 

Planning 

The general question of town planning for minimisation of 
the effect of aerial bombardment is discussed in Chap. XIII. 
but large buildings, such as modern blocks of flats, can be 
made less vulnerable to the effects of aerial attack by careful 
planning. 

Courtyards closed on all sides should, where possible, be 
avoided and light well areas also avoided by cruciform planning 
with all windows facing outwards from the block. 

Where congestion of population is inevitable, it is preferable 
to plan buildings to be of the greatest permissible height in 
order to minimise the ground floor area and to keep the target 
as seen from the air as small as possible, with large and uncon¬ 
fined spaces between the buildings. 

It is true that the bomb approaches at about 75 degrees to 
the horizontal, and therefore the chances of hitting a tall 
building are increased, but the provision of uncongested open 
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spaces is of considerable importance. Such open spaces 
minimise the effects of blast from explosions anti permit of 
freer circulation of air and the con-scxpicnt increased dissipation 
of the products of the explosion or no.xious gas. 

Official recomrnendation.s rtJgarding tlu; pnjvision of .shelter 
protection incliule, inter alia, the following. 

The main principles which should be kept in mind in con¬ 
sidering the selection and .suitability of slielter ats'ominodation 
in general arc 

1. Overhead and Lateral Cover. The effectiveness of shelter 
accommodation, whether in buildings or inde{K!ndent of them, 
is primarily determined by the nature of tlie overhead cover 
and lateral protection. The more substantial the protection 
afforded by the roofs, walls and floors of a laiilding in which 
shelter accommodation is situated the greater degree of 
protection. 

2. Location of Building coniahmig Shelter Accommodation. 
The most suitable sites are those in wide streets or sciuares or 
facing open spaces. 

Unsuitable sites are as follows:— 

(a) Near areas of possible military importance. 

(b) Adjoining buildings having a low .standard of lire 

resistance. 

(c) In the neighbourhood of buiUlings in which the uccnijKincy 

involves abnormal fire risks, such as the manufacture 
or storage of celluloid, paints or other highly inflam¬ 
mable material. 

3. Character of Building containing Shelter Accommodation. 
As a general rule, multi-storey steel-framed or reinforced 
concrete buildings are the most suitable type for containing 
shelter accommodation. They should, however, be of fire- 
resisting construction, preferably with solid concrete floors and 
roofs and solid cross or partitions, and have a fair proi>or- 
tion of solids to voids in the external walls. The lift shafts and 
staircases should be totally enclosed. 

The following features in the design, construction or 
occupancy of multi-storey buildings are disadvantageous in 
connection wth the provision of intemal shelter accom¬ 
modation :— 

{a) Large proportion of voids over solids in external walls. 
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(b) One-cell floors, or floors -with no partitions between 

external walls. 

(c) Timber floors or roofs or floors of weak construction. 

(d) Buildings with doubtful lateral strength. 

(e) Roof lights with horizontal or sloping glazing. 

(/) Heavy objects, such as tanks, safes and machinery on 
upper floors. 

(g) High chimneys and parapets or heavy architectural 

features, such as heavy cornices and pediments, large 
gables or towers above roof level. 

(h) Buildings in which the occupancy involves abnormal 

fire risks. 

(i) Enclosed courts or light wells, owing to the increased 

risk of damage by blast from bombs falling in the 
enclosed space. 

Where such enclosed courts are unavoidable, it is essential 
that all enclosing walls should be carried down to the level of 
the lowest floor, and such walls should have the minimum 
number of openings, which should be capable of being blocked 
up or otherwise protected in case of emergency. 

Single-storey buildings which are also frequently of the one¬ 
cell type, e.g., theatres and some schools. Factories which 
have roofs over large areas are quite unsuitable, and, apart 
from some form of protection for machinery, factories must 
be evacuated in event of air attack. 

4. Location of Shelter Accommodation in Building. In 
general, it may be said that below ground accommodation is 
best, as it is likely to have a greater degree of 'ateral protection, 
but it is highly desirable that such accommodation should not 
be lower than the water mains or sewers. If this is unavoidable, 
the accommodation should be constructed as a tank with 
entrances above flood level. 

Where the walls are of sufficient thickness to afford lateral 
protection and the windows are of normal size, and providing 
that effective gas-proofing is possible, the ground floor of a 
building may be considered as suitable for the location of 
shelter accommodation. 

Shelter accommodation on upper floors should generally be 
not lower than the second floor, and should have a minimum 
cover of two floors and the roof of the building. 
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vShelters should not be adjacent to internal courts or light 
wells, and should not be sited immediately below large water 
storage tanks, safes or heavy machinery, which might be 
dislodged l)y a bomb and crush the roof of the shelter accom¬ 
modation. 

5. General ('omlruction. Tlu; most satisfactory materhd for 
use in constructing rooms whicli could be adapted for usr! as 
shelter accommodation is reinforced concrete, and such rooms 
will normally be linked to the framework of the building, and 
be an integral unit of it. Shelter accommodation may be 
specially built in the ba.sement of a building, in which case it 
would be possible to construct it independently of the frame¬ 
work of the structure. The floor forming the roof of the shelter 
accommodation should be constructed of solid reinforced 
concrete with reinforcement running in both directions so that 
it is capable of taking concentrated loads, due to falling dibris, 
from the floors and roof above in the event of deiholition. 

'Reinforced brickwork provides a satisfactory alternative 
material for the walls of the shelter accommodation. 

It is important tha.t the walls and roof of the .shelter accom¬ 
modation should not be pierced by pipes or conduits. Where 
this is unavoidable, the holes should be efficiently caulked with 
some elastic material such as bitumen, and facilities for shutting 
off all gas and water services by means of suitable stop-valves 
should be provided. 

In order to obviate the risk of falls, owing to vibration or 
shock, the ceilings should not be plastered, but should be 
finished with fibre board. This will help conditions in an 
air-locked chamber by absorbing moisture and also act to 
some extent as a sound absorbent. The fibre board should be 
laid on the forms before the concrete is deposited. 

In multi-storey buildtegs the stair well, lift shaft and .such 
drculating spaces are, as a rule, the most fire-resistant and 
most structurally sound portions of the building. They can 
at slight extra cost be provided with a spedal reinforced 
concrete light bomb-proof or bomb-deflecting roof generally, 
as shown in Fig. 13. 

Two alternative roofe axe indicated, and the designer must 
select that which is most suitable to the case under con¬ 
sideration. 
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BAD FEATURES GOOD FEATURES 



68.—Desirable and undesirable features in building—considered 
trom the point of view of the disruptive efieots of aerial bombs, 
The good features do not involve additional cost, 
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Such a construction involves only the thickening of the 
concrete roof of the building and the sirenglheiiing of the 
columns to carry the additional loud. The staircase should be 
so placed that it can be quickly reached in the case of alarm 
and be sufficiently protected to provide a saft; cointnunicution 
for the occupants of the building to a .shelter at the ba.se 
of it. 

Apart from going deep tmderground, what type of building 
is best constituted to resist the effects of the aerial bomb ? 

It is difficult to generalise on the matter, l>ut Fig. 68 shows 
on the one side some desirable features in buildings, and on 
the other some features which shotiki preferably be avoided. 
Heavy cornices, projecting balconies and stone ornament 
projecting considerably over the pathway below are a potential 
source of danger to pedestrians and may block areas and shelter 
exits during an air raid. 

Thin roof and floor slabs economically associated with small 
spans in framed buildings are not so resistant to the jjenetration 
of bombs and splinters as are thicker slabs associated, if 
necessary, with larger spans. 

In the same way solid reinforced concrete slabs with two-way 
reinforcement are preferable to the hollow-tile types from this 
point of view. 

The provision of large windows is a feature of modern 
building, but for the provision of protection from blast and 
splinters small windows are preferable. 

The whole of the good features depicted in Fig. 68 can be 
adopted in multi-storey building when in the de.sign stage 
without any ultimate addition to the cost. 

It will be noted that the position selected for the gas-proof 
and splinter-proof shelter depicted in Fig. 68 is under the 
corridor—^below ground level and remote from the .side wsdls 
of the building. In this way the shelter roof span to be 
strengthened is smaE, and the penetration resistance of the 
upper floors is utilised as additional protection. 

An official Swiss publication’® states that the thickness of 
protecting roofs over shelters can be reduced as in the following 
table in cases where there exist other slabs over the shelter. 
The upper floor or roof slabs, which would not be penetrated 
by a bomb approaching any part of the shelter roof, with an 
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angle of incidence of 15 degrees to the vertical, must not be 
counted when using the following table (see also Fig. 70). 


Table LIX 

Reduction of the Thickness of the Top of the 
Shelter by the Effect of Other Floors Above 


Upper Floors. 

Wooden or 
Iron joists 
with rilling. 

Reinforced Concrete slabs 
with normal reinforcement, 

5 

10 

12 

15 

Keduction of the thickness of the 
top of the shelter in special re¬ 
inforced concrete, 5,690 lb. grade 

Uncertain 


ir 

2^' 

ar 

Kcinforced concrete, 3,130 lb. grade 

Uncertain 



B 

5 ' 


Aerial bombs are resisted completely in the following 
thicknesses of slabs :— 


Table LX 

Thickness in Reinforced Concrete of Detonating Slabs 

(Total Arrest of Bomb) 


Weight of Bombs. 

SpecW reinforced Concrete following. 
5,690 lb. gratle. 

Reinforced Concrete. 

3,180 lb. grade. 

50 kg. 


1' 8" 

2' 2" 

. 100 „ 


2' 6" 

2' 10" 

00 

0 

0 

.A_ 

3' 2" 

4' 1" 


Detonating slabs in reinforced concrete, inclined at an angle 
of 45 degrees or more in relation to the horizontal, provide 
full protection at the following thicknesses :— 


Table LXI 

Thickness of Shelter Roofs in Reinforced Concrete 
inclined at 45 degrees 



Necessary thiolmess for: 

Weight of Bombs. 

Spcc.ial reinforced Concrete 

Reinforced Concrete 

( 5,(590 11 ). grade). 

( 3,130 lb. grade). 

50 kg. 

l' 2" 

i' 6 " 

100 „ 

I' 8 " 

2' 2" 

300 .. 

2' 4" 

3 '.o" 
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The superiority of concrete for the construction of air raid 
shelters is confirmed by the French Ministry of Interior, who 
make the recommendations shown in Table XII. 

The French Ministry of Interior suggest a reduction of roof 
thickness on account of superimposed floors as follows :— 

Table LXII 

in. in. in. 

Thickness of superimposed floor. . . 2 4 6 

Reduction of thickness of shelter roof for 

each superimposed floor: 

Reinforced concrete . . . . ij 3 4I 

Mass concrete . . . . • if 4l 7 

The thickness of reinforced concrete required will also depend 
on the method of reinforcement adopted; tests are being 
carried out in this country to determine the relative values of 
alternative designs. There are reasons to believe that a spiral 
type of interlinked reinforcement, which is to a certain extent 
resilient in itself, may prove to be more effective than a more 
normal type of reinforcement, and may lead to a reduction in 
the thickness of concrete required. 

Special Reinforcement 

The special t3q>es of reinforcement referred to in the Swiss 
and French Government recommendations involve the use of 
rectangular grids of plain steel rods arranged in three planes 
generally as shown in full lines at A in Fig. 69, and weighing 
10 lb, per cu. ft. plus any additional beam reinforcement 
necessary. 

Under attack by armour-piercing ordnance concrete slabs 
reinforced in such a manner tend to laminate unless four 
additional grids of reinforcement arranged at 45 degrees to those 
already shown in full on the figure are introduced. These 
additional diagonal bars are indicated in dotted lines at A in 
Fig. 69. It will readily be understood that in order to be able 
to insert these diagonal grids, producing seven-way reinforce¬ 
ment, weighing 25 lb, per cu. ft., most accurate pitching of all 
bars must be ensured and a certain amount of welding is 
therefore involved. 

The arrangement gives the highest resistance to penetration 
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through reinforced concrete yet discovered, but the seven grids, 
togetluir with additional beam reinforcement, cause such 
obstruction in the interspaces that considerable difficulties are 
encountered in placing concrete and <>asuring a solid mass 
without voids. 

The Chatwood Safe t’.o. Lt<l. i.s using a method reinfonnng 
monolitliic concrete slabs, which e.Kpresses " reinforcement in 
all directions ” in a ])ractical)le form. 

The superiority of this system has been demonstrated by 
scientific and ]>ractical research and test, but previously the 
difficulties of its a.ssembly and .setting up ready for concreting 
have prevented it from being a commercial proposition. 

" Mattresses ” of the (ihatwood Patent Spiral Reinforcement 
Fabric—well known in the construction of l)nrglar-proof strong 
room.s—provide a framework for correctly spacing and securing 
the horizontal, vertical and beam reinforcement. 

The “ Mattresises ’’ consist of interwoven steel coils, the 
planes of which run diagonally in four directions, and so perform 
the function of the diagonal members in “ Allway ” reinforce¬ 
ment. 

This system of reinforcement has the essential features for 
structural strength, resistance to penetration and to the 
punching shear effect of bombs as well as icsisting the effect 
of explosion when the reinforced slab is partially penetrated. 

This patent spiral reinforcement, arranged gemaally as 
shown at B and C in Fig. 69, has given remarkable rcsult.s on 
test, even against armour-piercing projectiles having high 
impact velocities. The arrangement does not prevent the 
tamping or vibrating of concrete into position, and concrete 
free of voids and reinforced uniformly in all required directions 
is ensured. 

Ordinary principles of reinforcement are not applicable to 
this type of mattressed slab which approximates the ideal as a 
cheaper substitute for armour-piercing steel plate and which 
can be " cast *' in situ to any desired shape. 

By suitably anranging the number of rows of coils in the 
thickness of a “ mattress ” any required degree of protection 
can be obtained. 

In designing roof slabs for shelters in buildings the weight 
of dibfis of the whole building collapsing upon the shelter 
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should be taken into account, together with any goods, mer¬ 
chandise, etc., stored on the upper floors. The effect of 
“ arching of load ” to a large extent counteracts the effects of 
impact due to the suddenly applied load, and the Swiss official 
recommendations state that the shelter shall be calculated with 
regard to the whole of the load situated above plus point loads 
as below. 

For buildings of three storeys or more a concentrated load 
of 20 tons shall be calculated as concentrated within a circle 
of 10 in. diameter. For buildings of one or two storeys this 
point load may be reduced to 15 tons. These point loads are 
intended only for calculations of punching shear. 


Table LXIII 

Load on the Protective Slabs by the Collapse of 
THE Construction Materials 

Load in lb. per sq. ft. 


Number of Storeys. 


Ground floor + 4 storeys + roof 
I. »i + 3 >» H" M 

U M + a ,, + ,, 

,, ,, 4- 1 storey + »i 


Building with 

Building with 

reinforced Concrete. 

Wooden Beams, 

lb, per sq. ft. 

lb. per sq, ft. 

1,200 

X ,000 

950 

850 

700 

650 

450 

410 


For building.s with floors designed for a normal superload of 
100 lb. per sq. ft. it has been suggested that the roof of the 
shelter should be strong enough to .sustain a static load of 
80 lb. per sq. ft. for each of the floors above. On this basis, 
in a building with nine upper floors and a roof, the roof of a 
basement shelter would be designed for a total emergency load 
of 800 lb. per sq. ft. 

In Germany the roofs of basement shelters have to be 
designed for a minimum extra load of 200 lb. per sq. ft. for 
buildings with two complete floors, 300 lb. per sq. ft. if there 
are three or four floors, and 400 lb. per sq. ft. if there are more 
than four floors. 

The official recommendations in this country include, 
inier alia, the following prescribed demolition loads 
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I. For buildings where loads are carried on load-bearing 
brickwork or masonry :— 


LXIV 


NumbtT of Stoivyi Ov^r. 

Dibrk Load to AsMurttMl |H 4 r 
ft. in Addition to Noriiml 

Loud. 

2 . 

200 

3 or 4 . 

300 

More than 4 . 

400 


2. In steel or reinforced concrete framed buildings the 
d&hris load to be taken as 200 lb. per sq. ft., irrespective of the 
number of storeys over. 

3. Compo.site building.s partly framed may give intermediate 
d&hris loads based upon the judgment of competent architects 
or engineers. 

(See also section on Strengthening of Buildings.) 

In some London banks the allowance made for the load of 
dihris on the underground strong rooms and shelters is tis 
much as 2 tons per sq. ft. 

The table below shows slab thicknesses and reinforcement 
required for free-ended span roofs of shelters loaded to 5 cwt. 
per sq. ft. in addition to the dead load. 

The grid reinforcement provides for localised effects of 
falling masonry, but very considerable additional strength 
(especially against penetration) can be obtained by the use of 
a grid of steel reinforcement in the top of the slab connected 
with substantial links, not less than J in. diameter at 12 in. c/c. 
each way, to the grid in the bottom. The diagonal arrange¬ 
ment of the grid overcomes difficulties of proportions of long 
slabs and develops " square slab ” efiects to a certain degree 
irrespective of the plan, shape of the shelter. 

For strengthening a roof, if columns and bearers can be 
placed imder the existing roof or ceiling to reduce the unsup¬ 
ported span, halvii^ the span roughly allows four times the 
load safdy to be carried. The roof should be jacked up to 
ensure that the new work takes its due share of the load, and 



BUILDINGS 


205 


Table LXV 

Maximum tension in steel, 18,000 lb. per sq. in. 
Maximum compression in concrete, 750 lb. per sq. in. 
Modular ratio, 15, 

Concrete slabs, free-ended, 1:2:4 


Span* 

Thiakneas 
of slab. 

Keinforcement M.S. bars. 

6' 

f 

6 " 

1 f clia. bars, 6 " c/c. each way diagonally across slab. 

S' 



9 ' 

9^ 

ll" 

to' 1 

10' 

rt >> >* ft ft ft f> 

II' 


J 

12' 

12'" 


13' 1 



14' 

14^ 

P. 

■^ 5 ' 

if 

J 

16' 

ih" 

\ 

if 

if' 

1 

iS' 

iH" 

rr . 

19' 

ig" 


20' 

20" 

) 

21' 

21" 

1 

22' 

22" 


23; 

2 f 


24 

2 f 


25 

^5 



the reliability of the column foundations is important. The 
work should be carried out by competent engineers, particularly 
if the existing roof is of reinforced concrete and no plans 
showing the arrangement of the reinforcement are available. 

If the floor above can be taken up, and the framing is in 
timber, the roof of the shelter can be strengthened with con¬ 
crete between the joists, possibly adding a main girder below 
to reduce the span of the joists. Alternatively, the old ceiling 
can be replaced entirely in reinforced concrete designed to 
give the required strength, in which, case concrete columns 
with splayed reinforced capitals and footings can be incor¬ 
porated as part of the design. Each case should be considered 
on its merits and expert advice obtained before the work is 
undertaken, especially as strengthening work is more difficult 
to design and execute than is ordinary new construction. 

The use of concrete barrel vaulted additional strengthening 
construction inside an existing basement provides considerable 
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scope, and should preferably be adopted when the strengthening 
of the ground floor by the methods indicated above cannot be 
adopted. 

Walls to Basement Shelters 

The outside walls of basement shelters should, of course, be 
capable of taking all the external forces acting upon them, 
especially the horizontal thrust due to earth pre.ssun's or blast, 
when the stabilising effect of superincumbent loads might have 
been removed by the collapse of the building. 

Earth tremors due to nearby explosions of bombs also have 
to be allowed for, and to this end if the wall is a long one 
buttresse.*? at frequent intervals should be constructed and the 
roof and ground concrete reinforced continuously with the 
side walls. 

The minimum tluckness of side walls of basement shelters 
should be 12 in. with reinforcement on both sides of the wall, 
and it is a good plan to make the wall at least one and a half 
times as thick as the roof slab. 

For internal walls 12 in. of plain concrete or 6 in. of reinforced 
concrete would normally provide sufficient isolation, but in 
the case of large basement shelters divided into a number of 
cells each with their own exits and entrances, the dividing 
walls should have the thicknesses specified for full splinter-proof 
protection given on p. 38, and should be made stronger than 
the rest of the work. 

Floors 

In strengthening a basement for the purpose of constructing 
a shelter, due regard must be paid to the additional load on 
the foundations. It is desirable that the floor of the basement 
be of concrete monolithic with the walls and of a thickness 
of at least J in. for each foot of the distance between the walls. 
The reinforcement should be approximately the same as that 
given in Table LXV, and should be disposed appropriately 
to resist the tensile stresses, usually near the top of the slab. 

General Remarks 

Basement shelters should preferably be constructed above 
the level of drains, but where this is not possible they must 
be made water-tight by any of the usual approved methods. 
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Fig. 70.—Framed buildings showing effect of " safety valve ” walls 
and^‘ protective " walls. 
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Gas-prooling, ventilation and lighting should, of course, be 
dealt with as previously explained. 

In new buildings much subseqtient labour and expense can 
be saved if shelters in the basement or the ground floor are 
designed before the building is constructed. Tlieir peace-time 
use as stores need in no way be interfered with, provided 
permanent storage fixtures are not installed. 

Framed Buildings 

As already stated, no buikling to-day can be made entirely 
resistant to direct impact, and on the whole in a built-up city 
area a framed building is preferable to one of the traditional 
type, in which floors are carried on load-bearing walls. In 
open districts where the risk of a direct hit is slight, such as 
industrial plants built in detached sections and the buildings 
are comparatively small, it is preferable to have a framed 
building with the walls monolithic with the frame and of 
sufficient strength and thickness to resist the effect of blast and 
splinters. 

This is shown at B and C in Fig. 70. In this type of con¬ 
struction it would also be desirable to have a solidly constructed 
reinforced concrete roof made to a steep pitch or, where 
possible, conical in shape. This would deal with the deflection 
of the smaller bombs, the protective wall resisting the explosion 
on the ground outside. 

On the other hand, when the probability of a direct hit is 
greater, as in cities with taller buildings more closely spaced, 
the safety valve type of construction indicated at A and D 
in Fig. 70 would appear to be more suitable. 

In this case the maximum security against the effects of the 
explosion is obtained by the relief of internal pressure in a 
framed building hit by a bomb, due to the blowing out of the 
waU panels, as ^own at D in Fig. 70. By this arrangement 
the minimum pcmble damage would be done to the building 
itself and repairs can be effected in the earliest possible time. 

Just when to apply each type of' construction must be 
determined after careful consideration of the sp^ific circum¬ 
stances, but it would appejur to be wise generidly to provide 
the heavi^t fire-proof roof possible to deal with incendiary 
bombs, safety valve waUs in the upper floors to provide relief 
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in the event of a direct hit by high explosive bombs of medium 
calibre and protective walls on the ground and first-floor 
storeys to deal with blast and splinters from bombs bursting 
at ground level. 

To deal with the effects of blast pressures on structures, the 
Swiss recommendations state that the whole building should 
safely withstand a calculated wind load of 200 kg. per sq. 
metre, or approximately 40 lb. per sq. ft. over the whole area. 

Damage at certain points may be expected, but the whole 
building would not collapse entirely. 

In calculating the above resistance, any partitions less than 
8 in. thick must be ignored. 

The floor of the shelter, where not on solid ground, should be 
of solid reinforced concrete not less than 8 to 10 in. thick to 
resist splinters striking upward at an angle through the windows 
of the floor below, and should have reinforcement running in 
two directions at right angles. 

Where the shelter is below ground but not on the lowest 
floor of the building, the floor should be of 6 in. concrete 
similarly reinforced. 

Where a building has two or more floors below ground level, 
it is suggested that the sub-ground (Le., the floor immediately 
below ground floor) should be generally chosen for the shelter 
accommodation in order to reduce the risk from flooding, due 
to burst water mains or sewers. Moreover, this floor should, 
with suitable ventilation, be more easily kept free from heavy 
concentrations of gas than the basement below. In districts 
liable to flooding, due to damaged river banks or river walls, 
consideration should be given to preventing access to the 
building at all points. This may require that external basement 
courts should have solid parapets and that external doors or 
other openings which extend below the level to which floods 
may rise should be provided with suitable slots in the structure 
of the openings for the rapid insertion of tide boards in an 
emergency. 

Earth Tremors 

Earth tremors due to bombs produce seismic effects similar 
to those of earthquakes, and methods adopted in anti-seismic 
construction are likely to be effective. 
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The Swiss recommendations include the provision that 
multi-storey builtlinf's must be capable of withstanding at 
each floor a horizontal load of at least one-sixteenth of the 
weight of tlie floors and other constructions above the floor 
under consideration. 

In Japan the lateral force is taken at one-tenth of the gravity 
load, and it is claimed that buildings constructed to tins 
standard are usually not more than lo per cent, more costly 
than an ordinary structure of the same accommodation and 
shape. 


SUMMARY OF CONSTRUCTIONAL PRINCIPLES FOR MAXIMUM 
RESISTANCE AGAINST HIGH EXPLOSIVE BOMBS 

(a) Penetration 

The effect is minimised by the use of heavy reinforced 
concrete roof and upper floors and is prevented by the provision 
of slabs of the thicknesses given in Table XII. 

(b) Explosion 

The effect is minimised by the deflection of the bomb to 
explode prematurely on detonating slabs conforming to the 
outline of the building. 

Localisation is achieved by the use of heavy partition walls 
sufficiently strong to resist the blast pr(?ssure effects. Strong 
skeleton framed buildings with small exposed surface and with 
“ safety valve ” walls provide relief from internal or external 
explosive forces and minimise disruptive effects. 

Strength and flexibility in the framework minimise permanent 
damage to the building. No defensive measures will prevent 
explosion of bombs. 

(c) Air Suction Effects 

The principles of protection against blast pressures are equally 
effective in minimising damage by air suction. Wire reinforced 
glass is no better than ordinary glass, which latter shatters to 
smaller and less dangerous pieces. 
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(d) Splinter Projection 

See Table X. 

Splinters weigh up to 3 oz. and may be of any shape. 

They usually cut cleanly into concrete but crack brickwork 
badly and cause its collapse. 

Homogeneous solidity is preferable to lamination. 

Flexible mattresses of straw, sacking, metal wool and carpets 
provide considerable resistance to penetration by splinters 
and are more effective near the burst. 

(e) Telekinesis Effects 

The demolition effects of high explosive bombs are mini¬ 
mised by the use of building materials which disintegrate so 
completely that flying pieces cause little damage to neigh¬ 
bouring buildings. 

Hard stone masonry is not so suitable as brick in this 
connection. 

(f) Earth Impulse 

Anti-seismic principles of construction can be suitably 
applied with the object of minimising the effects of earth 
impulse due to the explosion of H.E. bombs. 

(1) The centre of gravity of the whole building should be 
kept low. 

(2) Light-weight materials should be used in construction. 

(3) The building should be strongly braced and framed. 

Brick buildings are useless as they collapse. Timber buildings 

resist shock but are not fire resistant. 

Steel-framed buildings unless specially strengthened at joints 
are not so suitable as monolithic reinforced concrete framed 
buildings which show the highest degree of resistance. 

THE PROTECTION OF WINDOWS IN AIR RAIDS 
Windows 

Where shelter accommodation is provided on upper floors, 
the window area should not be greater than is required to 
provide normal lighting for peace-time use. The sills should 
be kept as high as possible in order to minimise the risk of 




Fig. 71: ^-^Protectioa of window opening with tand-bags. 
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splinters and the individual windows should be small in order 
to facilitate the provision of protective covering. 

A window is a source of weakness in a building for the 
following reasons:— 

1. Gas can enter through the joints, and in the case of badly 
constructed windows where the frame has not been sufficiently 
well bedded, between the window frame and the brickwork. 

2. Splinters from bombs can pass through the glass, 
endangering the lives of the occupants and breaking the glass, 
thus allowing any gas to enter the room. 

3. The blast pressure from high explosive bombs can shatter 
the glass, breaking it into small fragments, which are projected 
violently into the room. Dangerous cuts on the occupants 
may be inflicted and the gas-proofing of the opening will be 
destroyed. 

Methods Recommended to Give the Highest Degree of Protection 

Provided the glass remains intact, it is quite easy to prevent 
the entry of gas into the room by stopping up all cracks and 
crevices in the window and round the frame as shown in Fig. 24. 
This can be done by the use of putty, or a mush of paper pulp, 
and by pasting paper strips, or by sticking adhesive tape over 
all cracks and joints. 

Complete protection against blast and splinters can be given 
by erecting a wall of earth or sand, 2 ft. 6 in. thick, on the 
outside of the window. The earth or sand can be contained in 
sand-bags, sacks, boxes, wooden or corrugated iron shuttering, 
or by any other available means. Such a wall to be effective 
should closely touch the building and should overlap the 
window opening by at least 12 in. all round (see Fig. 71). 

When protection of this nature is properly provided, the 
glass will not be broken by blast or by splinters, and if the 
cracks and joints of the window are stopped up to prevent 
the possible entry of gas, the maximum available protection 
will be obtained. 

Earth and sand give the best protection against the effect 
of blast, and are therefore most suitable for the provision of 
splinter-proof protection. 

A protective wall of this nature will put the window out of 
action as regards its normal, functions, for the duration of 
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hostilities, and in the case of upper storeys equally good 
protection can more easily be obtained by bricking up the 
opening altogether. 

Fig. 72 .SI10W.S a type of stool shutter for the imside of window 
opening.s recommended for the splinter protection of es.sential 
plant, such as i.s adopted by the Office of Works at the Central 
Telegrai^h Exchange in London. Fhc shutters were made by 
Me.s.srs. Platt Bros. & Co. Ltd. at Oldham to the Office of Works 
designs, and cost from 23s. to 25s. per sq. ft., according to the 
kinds of material required for the tracks. 

The largest superficial area for each sliding shutter is fixed 
at 15 sq. ft. in order to ensure that shutters can be quickly 
closed by the female .staff. 

Each shutter con.sists of five layers of i in. mild steel strip 
riveted together, as indicated in the photograph, and runs on 
pulley track in a channel frame with guide pulleys at the top. 

Shutters vary in height up to 4 ft. 9 in., the width for this 
height being limited to 3 ft. 2 in. When the wall brackets are 
at centres not exceeding 8 ft., the channel section is 3| x 2 in., 
4 X 3 in. channels being used on larger spans. 

Tall windows are covered with four shutters in two tiers and 
single track. 

It will be noted that the arrangement is not gas-tight, but 
if rubberised cotton fabric fixed on battens is wedged in the 
window reveal on the inside between the glass and the shutters 
all requirements are satisfied in a convenient and effective way. 
(See Fig. 73.) 

ARMOURFtEX BLAST AND SPLINTER-RESISTING 
SHUTTERS 

Fig. 75 clearly shows the components which together form 
a remarkably efficient protective shutter for wiiulows, doors, 
entrances or exits. The Armourflex protective shutter is 
considerably lighter than one made of normal steel, which, 
although affording like protection from splinters owing to its 
greater thickness and weight, lacks resisting qualities against 
blast, fire and heat, and moreover presents difficulties in fixing 
because of the excessive weight and type of brackets e^ential 
to its support. 

This shutter is unique in that it possesses resilience, provision 







7i,‘* -Ollict' of Works iyp{^ of sliding luininalcd steel sluitters for 
windows, 
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Fig, 73,—Gas- and light-tight portable shutter for inside of window 

opening. 












2I6 


CIVIL DEFENCE 


being made for it to flex under blast pressure : the shock from 
an explosion or impact from shell and bomb splinters being 
distributed over its entire surface. 

Tests on the Armourflex sheet steel have shown its remark¬ 
able bullet-resisting properties. Twenty gauge Armourflex 


LOCKING /£IDDIT10NflL LOCKIIiG H^INDLES 

SECURE SHUTTER SECURE SHUTTER NX/ME/N 

WHEN CLOSED l/H OPEAH POSITIO/H 



Fio. 74 .— Armiigamant of Armourflex spHnter-rosisting shutter. 


sheet steel stops a 0-45 heavy automatic at 5 yards range, 
whereas under identical conditions this bdlet penetrates 
ordinary mild steel of two and a half times the thickness. 

Note the muzzle velocity of thb bullet is 870 ft. per second. 

The heavy duty type H Armourflex shutter safely resists 
the impact of a 0-303 service pattern bullet fir^ point bla.nk 
at 15 yards range—-the muzzle velocity of this bullet being 
2,450 ft. per second—more than twice that of sound. 
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The use of this shutter saves 140 per cent, in weight as 
against normal steel of equivalent strength. 

Fig. 74 shows an arrangement of window shutters which can, 
of course, be designed to operate in any convenient way or be 
arranged as doors or exit shutters. 



Fig. 75,-—Sectional view of Armourflex shutter. 


For maximum safety and economy the strength of shutters 
should be designed to equal that of the wall to which it is 
attached up to the maximum thickness required in the circum¬ 
stances. 


Armourflex Shutter Typ« R 

Extra Light Duty. For covering lantern lights, skylights, 
deadlights, rooflights and light wall partitions. This shutter 
is lined with a single thermite and heat-resisting sheet. 
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Arinourflex Shutter Type L 

Light Duty. For iitting to solid brick walls up to 4I in. 
thick or unreinforccd concrete up to 5 in. tliick. 

Armourflex Shutter Type M 

Medium Duty. For .solid l)rick walls 9 in. thick, 11 in. 
cavity brick walls, or unreinforced concrete 10 in. thick. 

Armourflex Shutter Type H 

Heavy Duty. For solid brick walls 13I in, thick, 15^ in. 
cavity brick walls, or unreinforced concrete 15 in. thick. 

Armourflex Shutter Type EX 

Extra Heavy Duty. For all w'alls in excess of the thicknesses 
given above. 


Tahi-e LXVI 



ftf 

X 



Wfixht of 
Norntnl Htutd 

Wblght Savfd, 

Hhtttter Typt*. 

Sisffr. 


WttlKht. 

Sioiilur StirtiKth 
and Sur. 

K. 

Kxtra light fluty , 

tt' X 


lb. 

02 Ih. 

i 

f>7| percent. 

L. 

light duty . 

(/ X 

■< 

H 4 


lio 

M. 

Medium duty 

6 ' X 

■K 

lit) M 

db 8 ,, 

iOi ,* 

W. 

Heavy duty 

(} X 



M 

^140 •• 

JEx. 

Kxtrti heavy duty* 

t/ X 

3' 

.fix) ,, 

1,104 ,, 

1 140 ,, 


Table LXVI I 

£ s. d. 

4 X 2 ft. light shutters L and fittings . .600 each. 

„ medium „ M „ , .800,, 

„ heavy „ H „ . . 12 o 0 „ 

6 X 2 ft, light doors and frames, including 
fittings. With Armourflex one 
side, M.S. the other. Weight 90 lb. 8 10 o „ 

„ light doors and frames, including 
fittings, with Armourflex two 
sides. Weight 58 Ib. . .1100,, 

„ medium doors and frames, including 

fittings . ’ . , . . 21 0 0 „ 

„ heavy doors and frames, including 

fittings.30 10 0 „ 
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Armourflex shutters are supplied by Greenwoods Ventilating 
Co. Ltd. at the approximate prices given in Table LXVII 
for the shutters delivered in the metropolis, but not fixed. 

Methods which Give Lesser Degrees of Protection 

When the splinter-proof protection is some distance from 
the window with the object of admitting light, no protection 
against blast is afforded. In such cases and also when no 
splinter-proof protection has been provided at all, as in the 
upper storeys of buildings, it will be necessary to provide :— 

, I. Means of preventing the admission of gas owing to the 
breaking of the glass. 

2. Means whereby glass splinters are prevented from being 
hurled violently into the interior. 

I. Gas Protection after Glass has been Shattered 

The window opening must be blocked by some sort of shield, 
complying with the following essential points :— 

(а) It must be gas-tight, and when fixed must make a 
gas-proof joint with all sides of the window opening. 

(б) It must be capable of being fixed promptly by the 
occupants of the room. 

(c) The fixing must be secure to ensure that the shield will 
not be blown in by the blast of bombs, and the material of 
which it is made should be of sufficient resilience to withstand 
instantaneous blast pressures up to 35 lb. per sq. in. The 
type of shield selected must depend on the shape and also on 
the window opening, but the following are various methods 
available:— 

(i) A wood frame, made accurately to fit the window 
opening on the inside, is pressed against the window 
frame by means of thumbscrews fixed at suitable 
intervals, with a strip of felt or rubber between 
making a gas-tight joint. In this movable frame are 
fixed two layers of blanket material reinforced with 
wire-netting on each side (J in. mesh). The boltholes 
in the movable frame should be a good deal larger 
than the bolt itself to accommodate distortions in 
use, and the thumbscrews on the bolts should only 
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be pressed home sufficiently tightly to make a gas- 
tight joint. 

(ii) A curtain of ga.s-proof material can be kept rolled up at 

the top of the windows. If the glass is broken it can 
be let down and secured to the window frame or the 
architrave of the window opening, using battens and 
thumbscrews. 

(iii) An old piece of carpet, cut to the size of the window 

opening, can be nailed to the window frame where the 
frame is of wood. This should be sprayed with fresh 
decontaminating solution. 

(iv) A sheet of 5-ply wood, large enough to cover the whole 

window opening, can be drilled to suit thumbscrews 
securely fixed in the wall. 

If the inner surface of the board be sprayed with a 
thick coating of rubber solution, a gas-tight shield will 
be provided when the board is screwed into position! 

(v) Plywood shutters with feet attached to the rims, made 

so as to have a friction fit in the opening, have also 
been suggested as a protection from gas entry. Under 
blast pre.ssure they are forced bodily into the room 
and must be rejjhux'd. 

(vi) The Office of Works has provided light wood frames on 

the inner face of the window opening forming a felt- 
covered reveal. Within these frames light shutters 
are held in place with ball catches at the sides and at 
the top by rubber shock absorbers 9 in. long and about 
I in. diameter. 

The shutters are constructed of light wood frames 
braced diagonally and covered on one side with close 
mesh wire-netting and on the other with 2-ply 
rubberised cotton fabric. These shutters catch flying 
glass, provide light obscuration, but yield to blast 
without damage. They then hang on the rubber 
suspension convenient for re-fixing. (See Fig. 76.) 

(vii) Fig. 77 shows a window protection arrangement com¬ 

prising a splinter mattress of metal wool hung outside 
the window opening and a folding gas-proof shutter 
on the inside. 

(viii) Fig. 78 shows a combination of Cxittall standard inward 



Exiephi* 



INmm ELEMTION OF GAS-PROOF LIGHT 
OBSCUHATIOH SCREEN 


I 0 I 2 FT. ESTIMATED COST //2et 

.. ‘ . ‘ PEP SQ. FT. OF WINDOW 


C.W.6L0VER 6. PARTNERS, <3.R 4«04. 

CONSULTING ENGINEERS 

Fio. 76 .—Method of gas proofing window with light-obscuring and 
glass-arresting screen which yields to blast pressure and is 
therefore more likely to survive bombardment. 
















FtG. 77* —Window protection suitable for use in the upper storeys of 
important buildinp. The mattresses are hung outside the 
windows in an emargeacy* 























Fio. 78.—CrittalFa blast-resisting and gas-proof folding window 
shutters hung on outside of opening with inward opening steel 

casements. 
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opening window with gas-proof splinter-resisting 
shutter on the outside. 

Splinter-proof protection by this means involves 
the use of very heavy shutters. 

(ix) When the maintenance of window light is essential, the 
whole window opening can be blocked up solid with 
gla.ss bricks to the full thickness of the wall. 

This provides gas-proof protection, together with a 
rea.sonable degree of blast-proofing and splinter 
protection. The additional use of the splinter 
mattress shown in Fig. 77 improves the arrangement. 


2. To Prevent (Ilass Spi.intkks from being Projecitci) 
INTO THE Room 

(i) The window can be glazed with " Laminated " glass, 

which should be ^ in. thick for small panes not 
exceeding i sq. ft- in size. It should be thicker if used 
in larger panes. Laminated glass will stand up to 
blast pressure if securely fixed in the frame. It may 
crack, but the celluloid sheets within the glass will 
remain intact and still keep the window gas-proof. 
It should he noted that " Laminated ” glass and not 
“ Toughened ” glass must be used, as the latter will 
not answer the purpo.st*. 

(ii) The glass can be replaced by a non-inflammable celluloid 

material, of which there are a variety of makes, in. 
thick. This should be reinforced by J in. mesh wire- 
netting fixed ripdly to the window frame and in close 
contact with the inner surface of the celluloid. 

This arrangement will also withstand blast 
pressure. 

(iii) Super-Armourbex is a clear non-flammable cellulose- 

acetate sheet reinforced m the interior with J in. 
mesh of steel Mdre welded at each intersection. It is 
tSSh Ml- thick and is exceptionally transparent for 
material of this kind. Such a material would not fly 
in Jagged ^Hnters under explosion pressure, and is 
thfflP^re very suitable for the " glazing " of windows. 
Sheets 61, X 27 in. are supplied by the British Xylonite 
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Co. Ltd. at 31S. 6i. per sheet. It can be cut with 
strong scissors. 

(iv) Armourbex is Bexoid in. thick reinforced with 

wire gauze, and is suitable for application to the 
inside of window glass with a transparent cement 
supplied by the above company, who manufacture 
sheets 55 x 24 in., price los. each. 

(v) Bexoid, in. thick, in sheets 35 x 24 in. (3 oz.), 

price 6 s. per lb. or is. 6 d. per sheet, is also supplied 
by the British Xylonite Co. This material can easily 
be stuck on to window glass with a new type of 
varnish perfected by the company. 

(vi) British Cellophane Ltd. are now producing two A.R.P. 

rolls of " cellophane." One grade is for household 
use, and requires to be fixed to windows with a good 
clear gum or liquid glue (which may be improved by 
the addition of 10 to 15 per cent, of glycerine), and 
the second is especially designed for institution, office 
or factory use. 

This material is already coated with adhesive, and 
only requires immersion in water prior to its applica¬ 
tion to glass, to which it quickly adheres. 

(vii) Various materials can be stuck on to the glass. This will 

not prevent the glass from being broken by blast 
pressure, but will reduce the risk from flying splinters 
of glass. 

These materials are given below in order of merit:— 

(а) One of the transparent non-inflammable materials 
commonly used for wrapping purposes. 

(б) Linen fabric (such as is used for pillow-slips). 

(c) Mosquito netting. 

(d) Stout paper. 

Ordinary gum can be used for sticking the above on to the 
glass, though in the case of the transparent wrapping material 
it should be inspected frequently, as the material is apt to 
lift and may require re-gumming. As an alternative, 
water-glass is recommended as an adhesive for wrapping 
material. 

It should be noted that windows protected as suggested in 
(2) above are vulnerable to splinters. 
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GAS-PROOF WINDOWS 

Fig. 7<) sliows full-.sizc details of Williams and Williams 
gas-])f(M)f windows, and Ing. Ho the standartl outlines tlusreof. 




Fio. 79.—•Full*8ke detaila of WilUams and WUliami ga«-proof windows. 


Spedfiatton 

This range of standard residential type windows is rendered 
completely gas-proof by the application of " Densyl" plastic 
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sealing material to the flat meeting surfaces, and when fitted 
with in. laminated glass and metal glazing beads, will 
withstand a certain amount of blast. 



ARP/DVIS ARP/OV5 


The windows are constructed so that an extra wide contact 
surface is obtained, ensuring a perfect gas seal when the 
“ Densyl ” is applied. 

The range includes fastlights in the same section to allow 
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composite windows to be formed, JIundles and pegstays are 
in bronze and are of normal pattern. 

These windows give a similar appearance to that of the 
ordinary range of wide frame standard residential type windows, 
and can be used in conjunction with these types. 

Fixing holes are drilled 4| in. from each corner, 1 ) and I)V 
types being provided with an additional hole i in. al>ove centre 
in each jamb member. Lugs for fixing to brickwoi'k or screws 
for fixing to wood are supplied free of charge. 

PAVEMENT LIGHTS 

Horizontal pavement lights of glass prisms may be said to 
withstand blast pressure if they are very securely fixed in their 
framework. 

Vertical stallboard lights of similar construction will resist 
blast pressure in the same way, but are vulnerable to splinters. 

If these prisms are not very securely fixed into their frames, 
in all probability they will be projected, if subjected to blast 
prc.ssure, with considerable force into the building. 

The protection of pavement lights by earth or sand in sand¬ 
bags, boxes, etc., will assist in distributing the blast pressure 
impulse in both cases, and will protect the glass from damage 
by splinters in the case of vertical lights, and against falling 
masonry in the case of horizontal lights (see Fig. 68). 

DOORS TO SPLINTER-PROOF AND BOMB-PROOF 
SHELTERS 

The weakest part of an air raid shelter is normally the 
door or emergency exit. The full requirements of doors to 
splinter-proof and bomb-proof shelters may be enumerated as 
below;— 

1. They should be of fire-resisting construction. 

2. They should be proof against the penetration of splinters 
from 500 lb. fragmentation high explosive bombs exploding 
not closer than 50 ft. from the door (see Recommendations, 
p. 38). 

3. They should be blast-proof and capable of withstanding 
an equivalent static air pressure of 10 lb. per sq. in. over the 
whole of the area of the door and a suction of twice this 
amount. 



DETAILS OF CRITTALL - SOLENT 
GAS-PROOF WINDOWS 
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I'kj. (Soa.— I>(‘tail*s of gas-proof wiiulows. 


[To fm pai& 228. 




















DETAILS OF CRITTALL-SOLENT GAS-PROOF 
SPLINTER RESISTING SHUTTER WITH 
CRITTALL METAL WINDOW 




I'lG. Bob, ' SpIinter-rfHisting wimknv Hlmtter. 
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4. They should be gas-tight and all seatings and gas checks 
should be readily renewable. 

5. They should be water-tight and capable of withstanding 
water pressure up to 10 ft. head. 

6. They should open inwards. Note .—Recent experience on 
the Continent has shown that doors opening outwards are often 
blocked by dibris, and occupants are thus unable to leave the 
shelter until rescued. 

7. They should be capable of being opened and closed from 
each side of the door. 

8. They should be provided with an inspection port fitted 
with a blast-proof cover on the outside which can be operated 
from both sides. The transparent “ glazing ” should be fire- 
and splinter-proof. 

9. The door locking and wedging devices should be on the 
inside of the door protected against damage by splinters or 
dibris. 

10. The doors should be as small as convenience in use will 
permit. 

11. They should be installed some distance above the floor 
of the shelter and of the passage outside to minimise entrance 
of water and gas during operation. 

There is considerable justification for the argument that 
doors to .shelters ought to be as light and as flimsy as ordinary 
ga.s-prooring requirements will permit, and that unless a strong¬ 
room type of door be adopted it is not possible to provide a 
door of adequate strength to resist blast and splinters. 

There is no doubt that all doorways should be “ blinded ” 
with splinter-protecting walls or revetments and that entrances 
should be large enough to afford easy access with the minimum 
of delay. 

Entry to Shelters 

The degree of protection afforded by a shelter depends upon 
its accessibility as well as on its strength, and whatever type 
of shelter be adopted the entrance to it should be clearly 
marked by day and by night. 

The rale of entry into a .shelter will be affected by such 
<;oiu|)li<'at('d factors as darkness, hindrances at air locks, slow 
progress of old and infirm people, wounded and stretcher cases. 
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The internal arrangements in the shelter, intensity of lighting, 
etc., also govern the rate <»f entry. 

From tlu^ " Manual of Safety Keciuinnnents in Theatres " 
it will bci sei'n that a unit width of 22 in. is considered the 
minimum which will allow the largest person, or a woman 
leading a child, to })uss in comfort, and that 40 persons iht 
minute can pass an exit per unit of exit width. 

In public shelters * no entrance .should be narrower than two 
unit.s nor wider than eleven units of 22 in., and wide entrances 
should be divided by barriers intcj lanes. 

Entrances 40-55 in, wide count as 2 units. 

„ 5 f> . 75 .. 3 .r 

,, 7^*100 ,, ,, ,, 4 ft 

„ loi 125 „ „ 5 t, 

The M('lroi)(jlitan Police have observed that crowd.s leave 
football grounds at the average rate of 25-30 per foot width 
of exit per minute, whilst the L.P.T.B. have observed unhurried 
crowds on stairs and entrances pass at about 40 per ft. per 
minute for the i unit width, and only 25 per ft. per minute in 
the wider openings of 3 units. 

The Home Office recommend in ‘‘ Structural Defence ” an 
allowance of 40 persons per unit width of shelter entrance per 
minute. Thus for 4 ft, width of entrance the persons per minute 
would be 80, and for 7 ft. entrances 160 per minute. 

Fig. 81 shows the frame and the interior of a Hobbs-Hart 
blast-resisting, gas and water-tight door of substantial con¬ 
struction, This door has a plate i J in. thick in solid steel, but 
can, of course, be made to any thickness. It is hung in a 
steel channel frame to take the effect of blast from either 
side, closes on to a renewable compressible seating, and is 
compressed against it by a series of steel wedge bolts operated 
by a hand wheel from either side. The door swings about two 
centres to ensure uniform compression. 

Single-leaf doors giving a clear way of 6 ft. 6 in. by 3 ft., 
hung in a frame formed of 12 in. by 4 in. steel channels, cost 
in the neighbourhood of £70, depending upon any departures 
from standard. 

Blast-resisting and fire-proof doors made of durasteel are 
illustrated in Fig, 82. 




Fkj* llobbs-lfart blast-rCHisting door. Gas- and water-tight. 


[To face page 230. 




























Fic. 


I'lK* Chntwood gas-proof door 











Fi«, H.i.--Th<; Chutw.KHl KHs pruof, hli.Ht ami Hplint.T .vMHtinK .k-or. 
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The lighter doors are composed of two layers of durasteel 
impact sheets, covered with ^ in. .steel sheet and protected 
with 3DF2 durasteel exterior sheets, making a total thickness 
of in. 

The heaviest section has multiple steel plate cores with 
librous impact absorbing sheets, the overall thickness being 

3 in. 

Messrs. Milner's Safe Co. Ltd. supply a light gas-proof and 
splinter-resisting door constructed of J in. solid M.S. plate with 

4 in. b;^ J in. styles and rails on outside making door edge 
I in. thick. The frame is of 2| in. by 2^ in. by J in. angle, and 
the " peephole ” is 3 in. in diameter, and is fitted with 
armoured plateglass. 

The door is rendered gas-proof by compression on to a 
rubber seating, which can be omitted if desired. 

THE CHATWOOD GAS-PROOF DOOR 

This door is for gas-tight qualities only, and it incorporates 
the following features :— 

Gas-tight qualities achieved by the two individual clamps 
operated from both sides of the door, with a rubber seating 
which can be quickly renewed. 

Spyhole in a gas-tight seating. 

Door plate 18 G. 

Bracket to enable the door to be levered off its hinges in 
emergency. 

The clear opening is 6 ft. 3 in. high by 2 ft. 6 in. wide. 

Price £25. (See Fig. 83). 

THE CHATWOOD GAS-PROOF, BLAST AND SPLINTER- 
RESISTING DOOR 

This door incorporates the following features :— 

Rapidity of operation, and for this a central lever enables 
the clamps to be operated from both sides of the door, if 
necessary. 

Hinges which permit a perfect seal. 

A rubber seating for ga.s-tight qualities which can be readily 
replaced or renewed. 

A spyhole in gas-tight seating. 
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A .sc()urinf< opening, and this is also in a gas-tight seating. 
Special hinge urrangenuait permitting of the removal of the 
rubber seating and providing a inetal-to-metal joint, 
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Q,UAR.TER. FULL 9 ill DETAILS 
Fio* 85.“—Mope% ikt i-in. gas-proof ciot'ir. Price £i) 15s. 


Door plate | ia. thick. 

Bracket to enable the door to be levered off its hinges in 
emergency. 
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The door hfis a clear opening 6 ft. 3 in. high by 2 ft. 9 in. wide. 
Weight 6 cwt. 

Price £30. (See Fig. 84). 


-' 2 - 0 - 


Q.UAR.TER, FULL SIZE DETAILS 
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SECTIOKIAV' T LA N 


ANCLE FtLAMl 


Fig. 86.'— Hope's Type S.i splinter-resisling door. Price ;£io 55 . 


Messrs. Williams & Williams supply a 6 ft. 3 in. by 2 ft. 6 in, 
by 12 G. M.S. plate gas-proof door at £g xos., and 6 ft. 3 in. or 
5 ft. 6 in. by 2 ft. 6 in. or 2 ft. by \ in. M.S. plate splinter- 
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Messrs, the Fireproof Shutter and Door Co. of Croydon 
have a range of eight types of " Raidoors.” A useful type “ R,” 
2 ft. 2 in. by 6 ft.—the size of a railway carriage door—con¬ 
structed of two J in. solid steel plates with impact absorbing 
material between, angle frame and adjustable gas-insulation, 
hatch and double-acting bolts engaging at three points, costs 
£iq delivered. 

Heavier laminated doors embodying durasteel are also 
supplied by this firm. 

Messrs. R. Costain Ltd. supply doors as below. 

Gas-tight Steel Doors 

These are made of in. plate, with two hinges and two 
refrigerator type fasteners. The frame is made of 2| in. by 
2| in. by in. angles, with six lugs welded on for building 
into walls. 

The door is provided with a spy-hole glazed in splinter-proof 
glass. A rubber insertion is fitted into a groove in the door 
which bears against the angle iron frame to form a gas-tight 
joint. 

These doors may be lifted completely off their hinges should 
the entrance be blocked by fallen masonry. Sizes and prices, 
delivered to the site :— 

£ s. d. 

2 ft. 3 in. by 6 ft. 3 in. Weight 245 lb. ix 15 0 

2 ft. 6 in. by 6 ft. 3 in. „ 255 lb. 12 0 0 

3 ft. 0 in. by 6 ft. 3 in. „ 280 lb. 12 15 0 

Splinter-proof Steel Doors 

Made of f in. mild steel or | in. high tensile steel plate, with 
two hinges and two refrigerator type fasteners. 

The frame is made of 3 in. by in. angles with six lugs 
welded on for building into walls. 

In other respects, the door is similar to the gas-tight door. 
Sizes and prices, delivered to the site 

£ s. d. 

2 ft. 3 in. by 6 ft. 3 in. Weight 545 lb. . 16 13 o 

2 ft. 6 in. by 6 ft. 3 in. „ 595 lb. . ,17 0 o 

3 ft. 0 in. by 6 ft. 3 in. „ 710 lb. ; 17 15 0 
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W. A. Himwicks of Romford produces a door 5 ft. by 2 ft., 
constructed in | in. thickness of .special buHct-rcsistini^ .steel. 
Weight 2 cwt. Price with frame £10 5s. net F.O.R. It is 
(claimed that these doors ar(' proof against the service rifle 
bullet fired from short range. 

In this connection it may be of interest to note that in 
respect of penetration of bullets two half thicknesses of a 
material with air .space between are together more effective 
than one thickness of the same material, e.specially when the 
outer .slieet is .spring-mounted on the inner, 

High-re.si.stance steel doors, specially designed for resistance 
against blast are supplied by Mc.ssrs. Universal Steel Doors Ltd., 
West Bromwich. They are constructed of i in. face plate ancl 
I in. back plate with 8 in. cavity filled with gravel. 

Swing doors having fxccittionally high resistance and made 
to Air Ministry Specilication—i in. M.S. external plate and 
i in, M.S. plate on inside with 10 in. of shingle between-cost 
appro.\imatfly £2 per sq. ft. fixed; swing .steel shutters 
of large dimensions and in. thick about £i t7.s’. per st], ft. ; 
and large doors | in. plated about £i 12.’!. 6 d. per sep ft. complete. 

The Carrier Engineering type of door is shown in Fig. 88. 

A door which comjdits comphdely with the full requircmenls 
set out on pp. 228 and 22C| is illustrated in Fig. 89. 

It is recommended that this door be installed so that the 
bottom of the door is 2 ft. from the floor of the shelter, and if 
the 2 ft. 6 in. .size be adapted the inspection i-ye-piect! will be 
at a convenient height. The transparent material used for the 
inspection port is a special fire-proof plastic which is stronger 
than glass and more transparent. Its juincipal physical 
properties are as follows: 


Tftttiili itwttftlj at 20® C. 
Impact streufth at ao® C, 

(lasod, ctit notch) 


imninq, in, 

witli B.S.S. 


^3 kg. cm. 


Ultimato hhre ftr«»s in btnd at C. toni/sq. in. 

Shear strength at ao^ C. . • .. 4•0-4*2 „ 

Proportional limit in compr^ion at 60^ C, i:»8 „ 

‘40^C 0*0 

ComprcHsive strength at 40® €. 14*5 „ 

Brinell hardneti ', , , 

Modulns of elasticity at ao®' C. 200 tons/sq, in. 



Patents 

pending 


STEEL BLAST-PROOF DOOR 
(GAS AND WATERTIGHT) 


PiQ, 39,—Special blast-proof, splinter-resisting and water- and gas 
proof door of high efficiency. 
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The {)t iucii)al udvautaj^cs of this type of tloor are : -- 

(«) It is gas-proof, water-proof, fire-proof and splinter-proot; 
also blast-proof to the higli degree speoilied on p. 228. 

(/;) It is hung on special hinges pi'rmitting the sixteen peri- 
{iIuTal locking wetlges to force the door on to the renewable 
rubl)er seating easily by the turn of the handle on either side 
of the door. 

(c) Tlie door ojKins inwards, thus avoiding inadvertent 
wedging by debris external to the shelter. 

(d) liie operating mechanism is inside, .safe from damage by 
splinters, 

(e) The wedging mechanism is jJositive, and is not subject 
to loosening by vibration. On the other hand, a child can 
operate it. 

(/) Suitable equally for principal entrance or emergemey exit. 

Three sizes of this sj)ecial door are available at the prices 
given below :— 

3 ft. o in. diameter, i in. thick £35 each (with frame). 

2 ft. 6 in. „ I in. „ £30 

2 ft. 0 in. „ I in. „ £25 

obtainable from Messrs. Universal Floors I,td., 91 (lower 
Street. 

Spare rubber seating . , . 5/- 

Spare eye-piece . . . . zj- 

Emer^ncy Exits 

The horizontal (‘irnTgency exit and gas seal illustrated in 
Fig. 90 has the advantage of serving a recogjiiscd peace time 
application as a cellar grating or light shaft fitting and may be 
ixs<^ as such with full normal efficiency, while providing a 
completely cfiective unit for passive defence. 

The frame has the form of a stepped gutter of rectangular 
outline in plan. It carries in the upper r(!<^(^ss the grating which 
is constructed of a box girder provided with a continuous 
wdded and riveted grill forming a strong light component. 

The seaHng b^ is a sejwurate shallow tray which, undwr 
nomal circumstances, is stored in the light shaft but nmy be 
placed in porition in the lower portion of the frame beneath the 
gratmg as shown in the figure. 

The seaHng bdl is providwi with an internal hook for attach- 



Fig. 90.—Florizontal emergency exit and gas seal. 


[Tojace page 23^, 














Fici. <)i.— cjf grating i^hnwii in Mg, «io, 








DETAILS OF STANDARD CRITTALL-SOLENT 
OPEN IN CAS-PROOF DOOR 



Fid. ()3.—Crittall open-in gas-proof door. 













DETAILS OF STANDARD CRITTALL-SOLENT 
GAS-PROOF SPLINTER RESISTING DOOR 
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ment of a chain and an external projection which interlocks 
with the grating. This is to enable the sealing bell and grating 
to be locked in position from inside in an emergency and thus 
prevent unauthorised entry. 

In emergency the grating is raised, the sealing bell is put into 
position in the gutter and water is thrown over it to establish 
the seal. 

It is clear that even major settlement and distortion of the 
buildings and surroundings wiU not upset the gas seal. 

The grating has been tested to carry a load of 4 tons without 
injury and this is far in excess of the actual loading which can 
arise other than by a direct hit. 

After the emergency the occupants may leave the shelter 
through the door leading to the building but if this is blocked 
they can escape through the emergency exit into the street. 

Supplied by the Crittall Engineering Co. 

Asphalte 

Asphalte mastics are water-proofing and finishing products, 
and not structural materials called upon to resist the forces 
of penetration and explosion of bombs. On the other hand, 
asphaltes may be used in the water-proofing of shelters, as 
protection against the incendiary bomb and as a covering now 
immune from the action of gas. 

Current building practice, so far as asphalte is concerned, 
need not be modified, except in the case of special buildings 
where anti-gas measures have specially to be considered. 

A grade of asphalte suitable for use in such circumstances 
has been evolved, and is now available from all members of 
the Natural Asphalte Mine-owners and Manufacturers Council, 
Terminal House, S.W.i. For ordinary roof covering the usual 
grades normally employed are satisfactory. 

Asphalte mastics comply with the B.S.I. Specification, 
No. 476, 1932, for non-inflammability, and are approved under 
the rules of the Fire Offices Committee for fire-resisting con¬ 
struction. 

It has also been proved that asphalte has a remarkably high 
resistance to attack by incendiary bombs, and a deliberate 
attempt to destroy a boarded asphalted roof by igniting the 
asphalte with incendiary bombs failed completely. 



CHAPTER VH 

THE STRENGTHENING OP EXISTING BUILDINGS 


Note, Data reproduced in tliis section has been taken, by 
permission of the Council of the Air Raid Protection Institute, 
largely from a paper on tlie subject given by the author at a 
General Meeting of the Institute on May yth, 1939. 

Introduction 

In the consideration of structural passive defence, the author 
has found it convenient to classify the hazards and the degrees 
of protection as below 
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Whilst protection up to and including Class 5 can usually be 
provided most economically in covered trenches in the open, 
in many cases protection up to Classes 5 and 6 is required in 
city buildings which have to remain in occupation during an 
aerial bombardment. 

It is the author’s present purpose to draw attention to some 
of the problems involved in strengthening structures to form 
protected accommodation and to suggest practical methods of 
approach to the subject. 

The investigation of the strength of existing buildings and 
the design of bomb-proof shelters is undoubtedly the responsi¬ 
bility of the structural engineer, who, working in collaboration 
with the architect can best advise upon the measures to be 
taken in safety in construction and the adaptation of buildings. 

In strengthening works, careful calculations regarding the 
elastic deflection of the existing structure will need to be made 
so as to ascertain by how much the old work will have to be 
wedged or jacked up to ensure that the new work takes its 
fair proportion of the load before the existing structure is over¬ 
stressed. Works of this nature are more difficult to design and 
execute than are new works, and must therefore be entrusted 
to competent engineers. 

Types of Buildings 

It is a comforting fact that a really well-designed frame 
building of modern construction is difficult completely to 
destroy by aerial bombardment. 

On the other hand, unframed' buildings with load-bearing 
walls, unless made unusually strong and massive, are very 
vulnerable to damage by blast and collapse, causing the super¬ 
structure to fall on the occupants. 

The reader is referred to remarks under this heading on 
pp. 208-211. 

Summarising the position, we see that the types of building 
fall in the approximate order of safety given in Table LXIX. 

The reader will appreciate that the above classification can 
only be taken as a general guide, since special features, like 
brick or concrete vaulted basements, continuous, reinforced 
foundations, etc., have to be taken into account. 
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'lAULK LXIX 




A. Mtinolithii' rvinfutwil 
fraiHcd build* 
iiig witii Hulid cum'rtdc 
tliKU'H uiul *' Hufidy 
Viilvti wall |)juu*Ih. 

li. Wridt’d Htrt'I b'auu* 
Indlding with miiid r<m- 
itrrte fiaarMand *' mifidy 
viilvu *’ Willi pantdM. 

C, Ordimiry Mtinjldniiuetl 
Indbling uf fin* ri’nijdiug 
eufiitructiun with 
«af«dy valvii wall piuudn, 

i). Framed iirr|>r<.M.d'thair 
curmtryction uii hwcF 
bearing walb. 

F. Light tirnlHir'framed 
Inuidiiig well liriiced 
iiiul with fireprcKd 
ficmra, 

Ordinary cnttage non- 
alruction, 


Atlviauagr'^. 


High remHtance agaiunt 
incendiary bomb, fire, 
earth tremor, difbcult 
to bring down even 
with direct hit. 

Ho. do. 


Inre reHiMtance aiul 
safety iti framework 
even under direct hit. 


Mn* rentHtance and pro¬ 
tection against aplin- 
tern. 

Keiistance of frame to 
lilaat and earth 
tremor. 


None. 




None if all heavy loading 
is on hover floors. 


Ho, do, 


l..ess rcilitiince to earth 
tremor due to reduced 
resistance at joints 
compared with h or IL 

Hanger of coUam© under 
blast and earth tremor. 


Mre risk damage by 
Hplintern and blast. 


I Vulneraide to all halliards 
except in strongtheneti 
basement. 


STRENGTHENING AGAINST THE PENETRATION OF 
THE INCENDIARY BOMB 

In multi-storey bullditigs the stair well, lift shaft and such 
circulating spaces are, as a rule, the most fire-resistant and 
most structuridly sound portions of the building. They can 
at slight extra cost be provided with special, reinforced concrete, 
light bomb-proof or bomb-deflecting roofs, generally as shown 
in Fig. 13. Two alternative roofs are indicated, and the 
designer must select that which is most suitable to the case 
under consideration. 

Such a construction involves only the thickening of the 
concrete roof of the building and the strengthening of the 
columns to carry the additional load. The staircase should 
be so placed that it can be quickly reached in the case of alarm 
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Fig. 94A,—Petails of look-out periscope for air raid shelters. 
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and be sufficiently protected to provide; a safe communication 
for the occupants of the building to a shelter at the base of it. 

In small buildings protection tigainst the* kilee incendiary 
bomb can be effected by the ado[)tion of one; or other of the 
methods .shown in h'ig. i(>, the roof timbers being protecteti 
with fire-resisting paint. 
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/^MAT MOOAAA omA 
ec>'rrw>t mM/vOMA, 
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/k/AAsrxrjs-A SMoerj 
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A/AU£~ AnA/VAr", 


/ 3 a»aggmy^ gv p^rAJc. AH.Awr' aaaa^st 
jf At/AfrjEAs AAf£> r/ze" /AfCjEAfAAAAtr Soma , 

Fia. 95. 

Fig. 116 shows the use of a 4-in. incendiary bomb slab at 
loft-floor level and incidentally indicates a form of basement 
shelter in reinforced concrete suitable for a semi-detached 
house. 

Suitable reinforcement is in the form of a grid of |-in. 
diameter M.S. bars laid in both directions at g in. centre to 
centre forming a g-in. square mesh on both sides of the wall, 





STRENGTHENING OF EXISTING BUILDINGS 245- 


all angles being well tied together with fillet and trimmer bars. 

The cost of incorporating such a shelter in a new house would 
be approximately £145 extra to that of a similar house without 
a basement. 

Fig. 159 shows yet another method of dealing with the 
incendiaiy bomb and will be self-explanatory. The illustration 



also shows how a room can be strengthened to provide Class 5 
protection, the work remaining inconspicuous. 

The approximate cost for a room 12 ft. by 12 ft. by 8 ft. 6 in. 
high would be £100 if an existing building’were altered, but 
would only be £25 additional to the cost of a building con¬ 
structed with the protective works included in the specification. 
Protection against the penetration of splinters, A.A. shell 
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fragmcdits and light incendiary bombs can be afforded by the 
use of metal wool mattresses on spring sus])cusi<)n suppciriing 
fire-resisting plates generally as indicated in lugs. 95 and 96. 

Methods such as these will be found suital>Ie when^ large 
roof areas have to be dealt with and the structural strength 
required for the support of concrete slabs on layers of santl or 
foamed slag is inudeejuate. 

The impact-resisting, steel roof-cover sluads can he designed 
for comph'te protection against the .small incendiary bomb 
which has a sectional density of appro.vimati-ly 0"5 lb. per 
sq, in. and a terminal velocity not exc:eeding 40a ft. per 
second. 

Heavy incendiary bombs and small high cxjdosivc bomlxs 
have a sectional density approacliing 2 lb. per s<|. in. and 
a terminal velocity which can be calculated from the fornmla 

V VoJ^ 

" a 

Where Vo is the terminal velocity corre.sponding to unit 
values for Q and a and would normally be 600 ft. per sect)nd. 
Q is the sectional density and a is a coefficient which depends 
on the velocity and the form of the bomb, u is appro.ximately 
unity for velocities up to about 800 ft. per .secontf, increasing 
to a maximum of 4 at 1,500 ft. ixjr second. 

Thus, in this case 

V *=s booV2 
a* 846 ft. per second, 

A.ssuming a striking velocity of 850 ft. per second, it is thus 
possible to design a spring-suiqKtrted impact sheet to absorb 
the energy of impact of incendiary bombs having no appreciable 
disruptive charge. 

If the bomb weighs 10 kilos and the deflection on the springs 
be 1 it, the force to be resisted may be estimated from the 
formula 

2gd 

22 X 850® 235,200 lb. 

2x32x1 
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A I kilo incendiary bomb arriving at 400 ft. per second would 
exert an impact force of 16,500 lb. in deflecting the springs 4 in. 


PROTECTION AGAINST THE EFFECTS OF HIGH 
EXPLOSIVE BOMBS 

The strengthening of buildings against the multifarious 
effects of bombardment with high explosive involves a pro¬ 
hibitively great expenditure if a high degree of protection is 
attempted. 

It will normally be sufficient to provide Class 5 protection in 
that section of the building required for occupation during a 
bombardment. 

Let us then examine the “ loading ” to which such protected 
accommodation would be likely to be subjected. 

Hazard a 

Machine-gun. A remote contingency, but it is evident that 
protection against splinter and fragments provides ample 
defence against the penetration of machine-gun bullets. 

Hazard b 

Gas Spray. The usual gas-proofing measures with provision 
for decontamination at entrances meet this contingency. 

Hazard c 

Gas Bomb. Protection against splinters and demolition of 
superstructure usually affords ample protection against 
penetration of gas bombs. 

Hazard d 

Fire Bomb. This has already been dealt with. 

Hazard e 

Splinters and Fragments. The penetration effect of splinters 
is greater than that of bombs weight for weight, owing to the 
greater velocity of the former—some 5,000 ft. per second 
compared with a bomb arrival velocity not exceeding 1,200 ft. 
per second. Further, the sectional density of A.A. shell 
fragments is vastly greater than that of bombs. To meet this 
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h'.izanl, the aiitlior therefore ensures that for any pDssiI)le 
angle of impact the aggregate shelter wall or roof thicknesses 
do not fall l)eIow the minima given in the following table ; ™ 


Taiu.k LXX 


M.S. steel plate 



in. 

li 

Steel armour plate . 

, 


I 

Reinforced concrete . 

* 


. u 

Plain concrete . 


1 * 

. ih 

(iood, solid brickwork 



■ Lli 

Sand or earth . 

• 


■ .F> 


Hazard f 

Blast. The effect of blast on a shelter constructed within 
a building will depend principally upon the position of the 
shelter and upon the natural period of vibration of tlie building 
or structural elements surrounding the shelter. As the phase 
of positive pressure is followed by a pliase of negative pressure 
in an interval of about two-thousandths of a second to about 
a tenth of a .second (according to the amount of the charge), 
a building of high natural frequency will normally .suffer mo.st 
by blast. The effects of blast are being investigated by the 
Institution of Civil Engineers, but there is no doubt that there 
is considerable screening in a basement shelter and tin* effects 
of blast on a building can be minimised if wall panels are of the 
light, safety-valve type. 

Hazard g 

Demolition of Supentrmttm. Tins may ctmvrmiently be 
divided into two sections 

1. Vertical loads. 

2. Horizontal load.s due to:— 

(«) Blast. 

\b) Earth tremor. 

I. Vertical Loads due to Demolition Effects. It is obvious 
that the roof of a shelter must be strong enough to withstand 
safely the impact due to the collapse of a superstructure and 
its contents, which may fall on the shelter during a bombard¬ 
ment. 
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Floor loads allowed for in design or as called for by building 
regulations are seldom reached in practice, but the actual 
loading obtaining in any building under consideration must 
be calculated when designing a basement or ground-floor 
shelter. 

The Swiss authorities recommend as follows :— 

“ To withstand the indirect demolition effects of H.E. 
bombs, i.e., the collapse of high buildings, protective ceilings 
must be designed to carry the entire weight, including such 
larger useful loads as may he found in storehouses, factories, etc. 

" For purely residential buildings, under normal conditions, 
the distributed loads are given in Table LXIII. 

" The appropriate dimensions for the protective ceilings, 
taking into account the effect of dibris when a house with 
reinforced concrete floors collapses, are given approximately 
in Table LXXI, the higher values being applicable to a joist 
with ends freely supported and the smaller to those with ends 
rigidly fixed. 


Table LXXI 

Ceiling Thickness Required to Withstand 
Demolition Effects 



Thickness of CeilinK in Inches. 

Span. 

Four Upper 
Floors and 
Roof. 

Three Upper 
Floors and 
Roof. 

Two Upper 
Floors and 
Roof. 

One Upper 
Floor and 
Roof. 


Concentrated Load, 20 Tons. 

Concentrated Load, 15 Tons. 

13' X 13', supported on four 
sides .... 

16' X 13', supported on four 
sides .... 

Long slab, 13'span 

J^ong slab, i6' span 

9^-10'^ 

9 " 

9-II"' 

11^-14" 

w 

W-9V 

10^-13'^ 

w 

w 

Sr-xL' 

lor-isr 


" A rigid generalisation from the values given may yield 
disastrous results. Calculations for ceilings proof against 
collapse must be made by an engineer with due regard to the 
loads they may have to bear and the static characteristics of 
the building.” 
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portions of the load beir^ that not supported by any sustaining 
or arching effect in the load itself. 

The author is therefore definitely of the opinion that the 
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higher loadings should be allowed for in all basement 
strengthening work, especially when the whole of the basement 
of city ofhce buildings is required as a shelter. 

The point loads given in Table LXXI are intended for 
calculation of the punching shear only. 

Horizontal Loading 

(a) Blast. As already stated, for basement shelters the 
horizontal loading due to blast is as yet an undetermined 


^je/9y/ry 

I I i I ! 



/^% a/= rz/je- 


sy:e/?/Ay 

OA/ jy/^JLT^jes. 


Fig. 98.—Raking strain on buried skelters. 


factor, but, in the opinion of the author, the allowance for 
earth tremor should prove adequate to cover this contingency. 

The outside walls of basement shelters should, of course, 
be capable of taking all the external forces acting upon them. 
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especially the horizontal thrust clue to earth jjressures or Irlast, 
when the stabilising effect of superincumbent loads might 
have been removed by the collapse of the huiltling. 

Earth tremors due to nearby explosions of bombs also have 
to he allowc'd for, and to this encl, if the wall is a long one, 
buttresses at frecjuent intervals should be constructed and the 
roof and ground concrete reinforcu'd continuously with tlu; 
side walls. 

I'iarth ti’cnnors due to bombs pnaluce seismic effects similar 
to those of earlluinakes utid methods adopted in anti-seismic 

¥f amI of''Edy A L 

LOAD o ion;} DllT.ON (O'M“AN 
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Fio, 9g.''«-Hcctbo» of lioams of oqtiiil strength. 

construction are likely to be effective. See also remarks on 
p. 49 . 

Using the lo pctr cent, gravity load as the horizontal force 
applied at the roof of a basement shelter, the stjcngtheniug 
required to prevent deformation or raking strain, as indicated 
in Fig. 98, can be calculated. 

Cross bracing, buttresses, cross walls, or the insertion of 
rigid frames may be adopted, but seldom in existing buildings 
in this country will adequate strength be found in basements 
without supplementary reinforcement. 

Materials 

There is no doubt that in the adoption of strong!hcuing 
measures, materials that may be readily available would have 
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to be used. Timber, steel and reinforced concrete are the 
principal materials suitable, and in this connection. Fig. 99, 
showing the sections of beams of equal strength designed in 
the three materials to the usual stresses, may restore some 
waning confidence in good sound timber. 

Timber. Working stresses for timber are given in Table 
LXXII. 


Table LXXII 


Timber, 

Working Stress in lb. per sq. in. 

Young’s 
Modulus E. 

Compression. 

Tension. 

Shear along 
Grain. 

Bending 

Shear. 

Side Grain. 

End Grain. 

Kedwootl 

250 

1,100 

Same as 

120 

100 

1,200,000 

Pitch pine 

300 

1,200 

for end 

180 

120 

1,500,000 

Spruce . 

225 

900 

compres¬ 

100 

80 

1,200,000 

Douglas lir 

310 

1,200 

sion 

170 

110 

1,510,000 

Oak 

450 

1,200 


200 

130 

1,200,000 


For timber struts the least lateral dimension should not be 
less than one-fifteenth of the length and for posts with square 
end bearing the maximum allowable compression stress should 
be 1,000 lb. per sq. in., reduced in accordance with the following 
formula:— 

h 

Safe unit stress = 1,000 (i — g^) 

Where h is the unsupported length in inches and d is the 
least dimension of the cross section in inches. 

For ordinary conditions this gives a safe compressive stress 
of about 700-800 lb. per sq. in.—more than twice that allowable 
in compression on side grain. 

The sizes of posts are therefore limited by the compression 
of the timbers they carry, but when hardwood caps or wedges 
are used, the allowable stress across the grain may be increased 
50 per cent. 

It must be remembered that the drying shrinkage of timber 
across grain is considerable, and timber strutting to basements 
must be kept wedged up to compensate for this effect. 
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Fig. luo .shows a .suitable arraageniciil ami Table LXXIII 
gives the sizes of tlu; various .scantlings for (itanolition loads 
of from 200 to i,ooo lb. per sq. ft. 

A convenient .span centre to ts'iitre of posts and centre to 
centre of frames is H ft. and the tables liave been drawn up to 
comjrly with this arrangement. 

Tlic appro.ximatc cost per S(iuare foot of floor .supported is 
al.so given in Table l-XXIII for the strutting alone. 

It is desirable to use continuous plates at floor level to 
distribute the load on the basement floor, thus avoiding the 
cost of digging and the possible disturbance of existing 
foundations. 

The floor could be made level with the tops of the plates d 
by the use of dry sand or foamed slag filling and this will be 
found of considerable advantage in tin; minimi.sation of con¬ 
cussion, which would otherwise be transmitted by earth 
tremors from nearby bursts to the persons standing on the 
floor. 

When the whole ba.sement is strutted from .side to side, the 
resistance of the earth behind the retaining walls assists in 
taking the raking strains. 

The safe horizontal force in pounds at the top of the wall 
towards the external earth would be of the order of fifty times 
the square of the height of the basement in feet, {xir foot run 
of wall, a.ssuming there were no surcharge, the earth weighs 
100 lb. per cub. ft. and has an angle of repo.se of not Ie.ss than 
30 degrees. 

On a spacing of 8 ft. and a shelter height of 10 ft., the thrust 
thus provided works out to approximately 40,000 lb. suitable 
for the stabilisation of the gravity load on ten bays lohded to 
500 lb. per sq. ft. 

The braces E are therefore desired for part of the horizontal 
loads only. 

'Ore strength of framed timber-work is often limited by the 
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strutting placed at 8 ft. centres generally, as shown in Fig. 100. 

The existing floor is used as permanent shuttering for the 
" demolition ” slab formed in reinforced concrete in situ over 
it. When the existing floor is of timber, its resistance to 
punching shear is negligible, and if, therefore, this is taken 
entirely by the new slab the minimum nett depth required is 
6 in. 

Table XXXIV shows the thicknesses and reinforcement 
required in demolition slabs continuous over one support on 



- — r/MBER STRUTTMC FOff BfiSmE/^TS - 

Fig. ioo. 


a span of 8 ft., worked out at 25 per cent, on the code stresses 
for 1:2 :4 P.C. concrete reinforced with mild steel. Results are 
tabulated for the distributed loads or the '' Point ” loads 
carried on 9 sq. ft. of slab in the centre of the span. 

Using a grid of steel of equal section each way laid diagonally 
across the span, the maximum resistance to punching shear is 
developed and difficulties of proportions of long slabs are 
overcome developing " square slab ” effects to a certain degree 
irrespective of the plan shape of the shelter. 

In all the design tables the dead loads have been allowed for 
and the tabulated demolition loads are nett. 
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In Air Raid Precautions Memorandum No. 10 the official 
loading above referred to is confirmed, but the permissible 
stresses in additional supporting work are restricted to those 
laid down in the various current building regulations. 

The superimposed loads given in this official memorandum 
go up to 400 lb. per sq. ft., and are considered a reasonable 
provision for the collapse of buildings of normal construction. 
If the buildings have abnormal features, such as heavy 
colonnades, pediments, cornices, etc., which would be likely 
to produce abnormal debris loads, higher values should he taken 
according to the judgment of competent architects and engineers. 

Table LXXIV 

Reinforced Concrete Demolition Slabs 
[End Span Condition) 

Span 8 ft. 0 in. 

For 1:2:4 Ordinary P.C. Concrete with Code Stresses 
both in Steel and Concrete increased by 25 per cent. 


Load. 

Bending 
Moment 
in Ibs./in. 

Depth. 

Steel. 

Price per 
sq. ft. of 
Slab. 

20 tons " point " . 


244,000 

12V 

i" at 5" 

S2d. 

15 tons ,, 

. 

184,000 

il" 

ratsr 

2Hd. 

200 lb, distributed load per sq. ft.. 

26,300 

4 V 

J" at 6'^ 

gd. 

300 .> 


34,000 

5 " 

r at 

lod. 

i|.00 t f 1 > f 1 


42,000 

SV 

V at 5" 

iid. 

500 ,, ,, ,, , 


49,600 

b" 

at 6" 

ii^d. 

600 ,, 


57400 

(>r 

at 

X2d. 

700 »» M »l 


65,000 

7" 

r at 6" 


800 , f , , > 1 . 


72,000 

7" 

r at 6'' 

13M. 

900 ,, ,, 


80,500 

7 V 

r at sV 

X 5 ^- 

1,000 ,, ,, ,, 


88,400 

8" 

r at sV 



Minimuni depth for punching shear for 20 tons load on 10'' diameter circle «= 6"^ 


For the convenience of the designer, Tables LXXIV— 
LXXIX, based upon those in Memorandum lo, have been 
extended to higher loadings. 

It has been assumed that most systems of strengthening in 
timber will involve the use of close sheeting under the existing 
floor, supported by beams with braced struts under and sup¬ 
ported on sole pieces, as shown in Fig. loi. 











Table LXXIII 

Showing Scantlings required in Timber Strutting for Basement not exceeding 12 ft. High 

(Fig. too) 
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TAnr.K LXXV 

Rkinfokcki) Conckktk I)i-:moi,iti<)n Slahs 

[End Span ('imdilion) 

Span 10 ft. o in. 

For 1:2:4 Ordinary ('oncrote with Codo Stresses 
both in Steel and CoiKS'ete ine.reased by 25 per ceiit. 




20 tons point ** . 

15 tons . 

200 \h, ciistributinl lund pvv sq, ft. 
zoo ,, 

400 ,, 

500 ,, 

600 ,, 

700 

Boo ^ f D y 4 y t y 

9'00 I y If 11 II 

XfOOD 1)1 II II II 


Minimum dapth for pumdiing shaur 


livinUtm 

MnlUHit 

1 Xi.th. 

HtrrJ. 

Pi'h'rt nrr 
wj. 0. 

ill \kliu. 


Kliib. 

JJ2i<HHi 


r si' 

40 ( 1 , 

245,01 HI 

ur 

r *it y 


4 1 ,200 

5 r 

4' -‘t 5* 

lOlf. 


or 

ft'Hisr 

1 1 ir/. 

05.100 

f 


Up/, 

77 , 2 <H» 

7 r 

r Ht o' 

15 Id. 

8«>,2oo 

M* 

I'atsi' 

14 Id. 

HU ,CMHi 

Hr 

r «t 5’ 

15 id. 

1 1 1 i.pUl 

0^ 

tt" 

loid, 

125,200 

or 

r lit 54 ' 

iHid. 

i 57,000 

hT 

H'' at 5“" 

mid, 


20 tons load on lo*' diiunatar circle 


The lower working stress is for iiiiseleetecl tiniber of the 
common ('.arcassing class of ituropean retlwotHl, uiul t!ie higher 
working stress of 1,200 lb. per sq. in. is suitable for timber 
equal to No. x merchantable (Ukay) grade of Dongias fir, 



SHppm, Hardwood (oak, beech, birch, rock maple) illppersi 
6 X 18 X 2 in., to diitribute loads from itruti to beams and 
»ola ideees, 

Sok Pkem. 6 X a in. 

Crms Brming. $ X i in,, cut to fit and joined at iat«ii«ctio». 












Note .^—f ~ workiiig fibre stress of timbei 
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9 X 4 IK. Plakk Sheetikg. L.\id Flat and Closely Sp.^ced 


260 



/ ~ wmkmg str^ of timber. 
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Note .—-f = working fibre stress of timber. 


Table LXXIX 

9 X 4 w. Plahk Sheetikg. Laid Flat, with 3 is . Clear Space betw-eex Plaxks 
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= working fibre str^ ol timber. 




92,— Crittall standard gas-proof door. 
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Fig. 102.—Example of typical basement strengthened with timber 
for a debris load of 400 lb. per sq. ft. 
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Steel 

For Steel Strutting. Larger spans would be more economic. 
Assuming 10 ft. centre to centre is adopted for the supports, 
the data given in Table LXXV will be found of use. If instead 
of the construction of a demolition slab on the floor over the 
shelter supplementary flooring is wedged up underneath, 
pressed steel corrugated plates generally as shown in Fig. 104 
will be found of considerable use. The properties and costs 
are given in Table LXXX, and in Fig. 105. 


Section 

Width 

<W) 

Depth 

Thick 

Modulus 
of 1 plate 

Weight □' of 
area covered 

1 

<- ^ -> 

V 0" 

3'' 

i" 




-W-5. 

^\j-\j\r 

r 0" 

w 

¥ 

l•4 Ih 3 
21 In 3 

9-0 

13-5 „ 

M 

< -w-> 

~u\i\r 

V 6" 

y 

¥ 

¥ 

2-9 In 3 

4-4 In 3 

91 .. 

I3;6 

L 


TO*' 

y 

¥ 

¥ 

5-2 In 3 
7-0 In 3 

10-6 „ 

14-0 

K 

<-w- 

T 8" 

4" 

¥ 

¥ 

9-7 In 3 
I2‘9 In 3 

10-6 

. 140 „ 


Fig. 105. —Properties of Westwood steel trough sections. 


It is not possible to tabulate costs of the material delivered 
and erected since each job has its special features. 

Steel Shores. A number of steel shores to proprietary 
designs are available, and Fig. 106 shows their use in shoring 
rooms for shelters in existing buildings. 

The heads are normally made for 4 X 3 in. joists, and the 
shores are usually installed at 5 ft. centre to centre each way, 
the ceiling height being 7 ft. to 7 ft. 6 in. 

The swivel shore is satisfactory for light loads and for use 
where the basement floor is not quite level. 

Raking strains have to be provided for independently, but 
in small basements having good solid walls and a roof over 
resting well on to and reinforced with the walls, diagonal 
bracing may not be necessary. 
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DKFENCI 



mU of aai tie mfc loads in tie above tabl^ are ba^ m a woitog stres of o tons iq,m. 
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In A.R.P. Memorandum No. 10 the Home Office give details 
of strutting to basements by means of steel tubular props. 



SPECIAL STEEL STRUTTING FOR BASEMENTS 
List of Parts 

The following is a list of the items provided for the strutting 
of basements by steel:— 

I. Corrugated steel sheets, 14 B.G. finished black, with 














Table LXXXI 

Steel-frame Shoring for Shelters 
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35 ib. 15' •: X 45 ib. 
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INOTCl Hecxl<;k)f A,fc‘aareolttrrKi^^^ Either b<Kxl dip can be used with cithsrh^ 

Fig* 107.—^Details of tubular steel struts. 










270 civil. DKI-KNCI-: 

5/5 in. corrugations, in lengths of 6 ft., 7 ft, or K ft,, and in 
width 2 ft. 4 in, 

2. Rolled steel joists 4 in. X j in. X to lb. finished with one 
coat of red (jxide or black bitinnastic solution. 

3. Struts, consisting of a head tdip, a steel tube and a scrt:w- 
jack ba.se, the latter itself eoinpiisiiif! a screw spindle riveted 
to :i base plate and canying a thn^aded bush. 

'I'lie parts and tlieir relationship in situ are shown in lugs. 106 
and 107. 

Placing the Sheets 

Tlie corrugated .steel sheets are to l>c placed in close contact 
with the existing ceiling joists, the corrugations and joists 
running parallel. 

'riu; sheets are to la* lap{>ed at the etlges where they meet, 
the minimum lateral lap being one currugation, and the 
minimum longitudinal lap being i ft. 6 in. 

The longitudinal lap is to be so an-angod that it is supported 
by a rolled steel joist, tlie centre lint; of which is not le.ss than 
9 in. distant from the end of either sheet. 

Placing tile Joists 

The rolkitl steel joists are to be placed at right angles to the 
direction of the floor joists, at a maximum spacing of 5 ft. 
from centre to centre, with a maximum distance of i ft. 6 in. 
between, the side wall and the centre of the nearest joist, and 
are to be cut and pinned into the supporting walls a minimum 
of 4I in. at either end. 

Pladiig and Erecting Struts 

The struts shall be placed at not more than 5 ft. centres 
along each joist, and the distance between the side wall and 
the nearest line of struts shall not exceed i ft. 6 in. 

The struts are erected as follows:— 

The bush is located at the bottom of the .statw-spimlle, 
which, together with the attach©! h;ise-plafc, should then be 
placed in its proper position on the floor. The tube is placed 
over the spindle to rest upon the shoulders of the bush and 
adjusted at the top to engage the head clip* by which it is 
afSixed to the joist. Adjustment for height is made by turning 



I'ui. io8.---BaHcment at 66 Cannon Street strengthened by Mills 
struts, bc'ams and sheeting. Note clear “ peace time " floor 
space on left. 

















«ia*v jtqntiiti 

|.M|w p‘>unns ^u.JUWHwi *n|x \t in 

.Mtn* ittujjiiiiti A4Jt<nii-.u4if^ If |i»MiinntMJt Mii|Mni[g—‘I hh’ 
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the bush on the spindle, and the adjustment should be such 
that the joist and tube are in direct contact, without the tube 
exerting any material upward pressure. 

The strut should finally be checked to see that it is truly 
vertical and in overall height not greater than 9 ft. 

If the struts are not to be erected until the basement is 
needed for shelter, then the positions of head clips and bases 
should be clearly marked on the joist and floor, and the struts 
removed to suitable storage. 

It may be desirable in some cases to mark the struts with 
references showing their location. 

Size of Building and Size of Basement Shelter 

The special steel strutting of the type here described is 
intended for use in the basements of the smaller type of houses 
with timber floors and not more than three storeys over the 
basement. The size of basements must be such that the 
maximum dimension parallel to the line of the rolled steel 
joist shall not exceed 13 ft., and the maximum dimension at 
right angles to the rolled steel joist shall not exceed 18 ft. 

Fig. 108 shows the strengthening of a basement at 66 Cannon 
Street, London, using struts made by the Mills Scaffold Co., 
Hammersmith. By September, 1938, this basement had been 
strengthened to the H.O. requirements, and at the same time 
strengths were calculated to allow a clear basement during 
peace time. 

Intermediate struts can be introduced rapidly by the office 
staff in an emergency. 

Fig. 109 shows the remains of a three-storey building after 
explosion during a Home Office test. The basement shelter 
strutted with steel tubular struts was undamaged. 

Note the entry being made through the coal-hole adapted 
for use as an emergency exit. 

Pre-cast Reinforced Concrete Beams 

There is no doubt that pre-cast reinforced concrete beams 
are eminently suited to the work of roofing a basement shelter. 

The Siegwart Fireproof Floor Co. Ltd. have designed suitable 
units, and these are illustrated in Figs, no and iii. 
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3. The soffits are mesh reinforced to minimise scabbing and 
they require no plastering. 
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4. The fixing is quick and dry and requires no centering or 
site poured concrete. 
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•I'AW.K LXXXII 

Maximum FKiac Spans pok Vakious Dkhkis LtiAUiNGs, 
USING Solid Hkams 


'rtik'kncsH Weight, iti 
of Ijt'illll, It. 


Ijliul-i ill 111. |H'r Htl. (t, 
Sitiuw ill f«"ft iiiiil iittiicH, 
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Examples 

Fig. 112 .shows pliiii of basement of typical city premises 
having ground, four floors tind roof over. I'he construction is 
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Fig. 113 shows section of basement and indicates the vulner¬ 
able nature of the pavement and stallboard lights, and the 
method of encasing the cast-iron columns with aluminous 
cement and concrete arched over at the top to provide stable 
support for the pre-cast demolition slab erected under the 
existing floor. 

Fig. 114 shows sketch of the arrangement. The cost works 
out at £12 per person accommodated, including all equipment, 
gas and fire-fighting appliances. 



CHAPTKR VIII 
INDIVIDUAL SUKLTKRS 

I'ni' Civil Defence Act (see ('hapter XII) lays down the 
(lovernment's shelter policy. 

The following; |)()int.s are, however, of intenwt in tlie con¬ 
sideration of the provision of iiuiividiud shelters: 

1. Communal air raid slielters for the whole of tlie general 
public arc neither practicable nor desirable, exci'pt in sjMicial 
case.s. 

2. The greatest danger is from high explosive bombs, 
followed by incendiary and gas bombs, ijr that order. 

In their report--now i.ssued as a Wiiite Paper, Cmd. 59.52, 
H.M. Stationery Office - the 'rechnical Committee; appointed 
by the Lord Privy Seal to consider certain aspects of the 
problem of air raid shelters, state in conclusion i-- 

" We would respectfully state our firm conviction tliat the 
magnituih* and urgency of this problem are so great that the 
utmost possible use slioukl b(‘ made of the resources of every 
trade that can Im* eiaployeil upon the work in the construction 
of all the forms of sljelter accommodation dealt with herein- 
befon; to the utmost extent and at tlie utmo.st speed po.ssible, 
viz. 

" (a) Pressed and rolled sectional shelters. 

“ {b) Propped basements. 

" (c) ' Pill-boxes.' 

" (^} Permanently strengtlu-ued lower floors of blocks of 
flats and tenements. 

" (e) Permanently strengthened basements of shops, offices, 
and large houses. 

" (/) Communal shelters and trenches. 

" Only by these means can we conceive that the necessary 
accommodation will be made available within a reasonable 
period of time.” 
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Table LXXXIII 

Air Raid Shelters (not Proof against Direct Hits 
BY High Explosive Bombs) 

Table showing that the smaller the unit size of shelter the less the total 
casualties. 

Probability of casualties from direct hits per 100 H.E. bombs falling within 
fifteen miles of Charing Cross. Area = 707 square miles. Population = 
8^400,000 (all in shelters). 

Size of shelters : Based on 7^ sq. ft. floor area per person. 

A direct hit is assumed to make casualties of all persons in the shelter. 

Definition of direct hit: (A) On shelter only. (B) Within 50 ft. of edge of 
shelter. 


Capacity 
per shelter 
(persons). 

Number 
of shelters 
required. 

Yards between 
shelters 
(centre to 
centre). 

Sq. ft. of shelter per 100 
sq. ft, Direct hits per 
100 bombs. 

Total “ direct-hit ” 
casualties per 100 bombs 
dropped. 

A. 

B. 

A. 

B. 

1,000 

8,400 

549 

0 * 32 * 

I- 3 X 

320 

1,310 

500 

16,800 

388 

» 9 

1-94 

160 

970 

200 

42,000 

245 

> 9 

3-47 

64 

694 

100 

84,000 

174 

> 9 

5*66 

32 

566 

50 

168,000 

123 

9 9 

9-96 

16 

498 

25 

336,000 

87 


i8‘02 

8 

451 

10 

840,000 

55 

,, 

40*50 

3*2 

405 

5 

1,680,000 

39 


75-22t 

1*6 

376 


* I,e,, I bomb in every 313 scores a “ Direct Hit.'* 
f 1 . 6 ., 75 bombs in every 100 scores a ** Direct Hit." 


Note. The shelters are assumed to be circular in plan and evenly distributed 
at the centres of hexagonal areas, which is theoretically the most economical 
arrangement. 

3. It is not feasible to attempt protection from direct hits by 
high explosive bombs, but protection from the infinitely greater 
risks of splinters, blast and falling masonry is comparatively 
easy. 

4. The most effective means of protection is to disperse the 
target. In other words, the more the populace can be educated 
to remain at home, or at their places of employment, in small 
private splinter-proof refuges, the fewer the casualties likely 
to be caused by air raids. 

The table above, reproduced by kind permission of the 
Cement and Concrete Association, shows why a large number 
of small shelters is better than a smaller number of larger 
shelters. 

Both the Structural Code under the Civil Defence Act and 
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tiie H.O. Mernoraiuluin on l)as<*in(‘nt shflters reciiijre that : 
“ In order to minimise the number of easualtiirs likely to 
result from a din'ct hit. shelters should prefendily In* limited 
to parties not e\ee(‘tlin|j 50 persons. The distance Ix^tween 
.shelters should be not le.ss than 25 ft. in any <lirection, and 
40 to 50 ft. spiicing is preferable where space permits." 

When c'onsideiinfj; the problem of shelter protec.ti<in, the 
degree of protection aimed at tnust alw'ays be borne in mind, 
and in this comu?ction the policy of the Air Raid I’recaotions 
Department may be stated to be as follows : - 

Degrm of Protection 

1, In order to obtain complete protection Jigainst the 
effects of a direct hit by a 500 lb. high explosive boml>, fitted 
with a semi-armour-piercing nose, a thickness of overhead 
covering of about (x> ft. of earth or 15 ft. of highly reinforced 
concrete is required. Except in thosr; places wliere such a 
covering already e.xists, shelters to give this degree of protection 
will rarely Ik; used. 

Similarly, complete protection against the effect of direct 
hits by high cxiilosiva* bombs lighter than 5(H) Ib. also retjuire-s 
considerable thicknes.ses of overhead covcritif' of earth or 
reinforced concrete. Owing to the heavy cost iiiv<ilvfd, it will 
not generally be practicable to provirte such protection. 

2. It is recommended, therefore, that the normal form of 
shelter accommodation should be constructed so jis to provide 
protection against 

(i) Blast, splinters and gas, and 

(ii) Either («) tfie lightest incendiary bomb ; or 

(b) incendiary bombs up to 25 Ib. in weight. 

Such rfielters should also be protected from the effects of 
the demolition of the supcrslruclure due to high explosive 
bombs. 

Diq>enion 

The German official regulations, as well as the recommenda- 
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Where private or other shelter accommodation is not likely 
to be occupied by more than a few persons, and provided the 
occupants are not crowded together, no ventilation will 
normally be necessary for reasonable periods of occupation, 
even though the shelter accommodation may be rendered 
airtight. 

Shelters provided for the civil population may be divided 
broadly into the following four categories :— 

1. Private gas- and splinter-proof shelters in the home. 

2. Gas- and splinter-proof shelters in factories, business 
premises, etc., or the smaller t3^e of communal shelters in 
blocks of flats. 

3. Gas- and splinter-proof shelters for the floating populations 
in the street; and 

4. Shelters affording a greater degree of protection for the 
essential services. 

It is important to recognise that consideration of the question 
of protection does not indicate an exclusive choice of one 
particular type of shelter, but that there are wide degrees of 
variation. 

Private Shelters 

Whatever may be the distribution of the population in a 
city during working hours, at night the population is largely 
distributed, and the logical place for the air raid shelter is at 
the home. 

Whatever public monies may be spent on the provision of 
emergency shelters, it is manifestly the duty of the householder 
to do all he possibly can by way of the provision of a suitable 
splinter-proof shelter at home for his family. Such a shelter 
is an assurance and is just as necessary as the carrying of life¬ 
boats at sea. 

Full advantage should be taken of existing basements and 
shelters established as already described. 

Fig. 115 shows a shelter as a basement in a semi-detached 
house. For the maximum protection of the building against 
incendiary bombs the loft should be cleared of stored material, 
the roof timbers treated with one or other of the fire-proofing 
methods described on p. 67, or painted with fire-resisting 
paint, or covered with asbestos paper, described on p. 191. 
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Reference: 

A Plat/ room and air ■ raid shefter 

B Air' t/AH ante • chambar 

C . Lavy. W. C. etc. 

D Store oUDboard 

EMERGENCY SHELTER E A/r-tl0doore 

IN P Saa and splinter ■ resisting shutters 

SEMI-DETACHED HOUSE ^ Concrete fbundations 

H. Peinfbrcedowcrete m/i 12*thick 

immJLmmJLmJP ^ ■ • Mnfhrcedconcrete mil 6*Wok 

K Beinfhrcedconcrete floor B’thick 

h . .Belnfbrcedconcrete floor H^thiok 


Fio. 115 . ■■■Enu‘r??t*nt;y shelter constriicted ai biiiiiifieut in »emi« 
detacheil hois»e. 
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Fig j 16-—Protection against kilo incendiary bomb. 
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Fia. ti 7 .«'-SpIiiiter»|)r<K>f private air-rakl ihtiltiir giving a reiitniiablci 
degree of prcitictiori from all ha^aitli eaciipt direct liite by HJI, 
l>ornl». Maxiiiium capacity with t6 ft. of yi hi. tliii, amcrete 
tulMis, as shown, is twelve |wr»oni if ontraricos are loft ofieii iiricl 

gas maski are worn, 

The floor of the loft should then be protected with a slab of 
reinforced concrete at least 4 in. thick, constructed on a 2 in. 
layer of sand and .spunuiug from waU to wall, generally as 
shown in Fig. 116, 

The reinforcement in the basement wall and floor construc¬ 
tions should consist of § in. dkmeter mild steel bars laid in 
both dflr^tions at 9 in. c/c., fonning a 9 in. square mesh. At 
aJil angles reinforcement should be well tied tt^ether to ensure 
continuity of structure. Two extra | in. trimmer bare should 
be inserted ^ round door and window openings. 
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Fig. i iB .—Further details of shelter shown in Fig. 117. This figure 
shows how the amenities may be improved by constructing a 
paved terrace or loggia over the concrete tube shelter. See 
notes, p. 286, 

The doors should be of the gas-tight type, as shown in 
Fig. 26, and the window emergency exit should be protected 
with gas-proof and splinter-resisting shutter, generally as 
shown in Fig. 74. 

The emergency outlet should also be screened with sand-bags 
to a thickness of 2 ft. 6 in. The cost of incorporating such a 
shelter in a new house, as indicated in Fig. 115, would be 
approximately £145 extra to that of a similar house without 
a basement. 

Figs. 117 and 118, reproduced by kind permission of the 
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('ement aiid Concndc AsstKuution, show a type of oxtertial 
splinlcr-proof air raid shelter giving a reasotud)le degree of 
protection from all hazartis except diri'ct hits by large high 
explosive bombs. 

Tlu! maxiimim capacity with i6 ft. of 72-in, diameter 
concrete tube, as shown, is twelve* persons if entrances art: 
left open and gas nuisks are worn. The capacity is less if 
entrances are clo.setl to exclude gas (see Tables J.XXXIV and 
1 ,XXXV below). 

TAHI.K 1 , XXXIV 

Capacities oe Concketk 'I’iibe Shki.tkks oe the TypI': shown 
IN Figs. 117 , ii 8 and n«) on Bunisu Home Oeeick Basis oe 
75 H'- iNTKKIOK SUKFACE AKEA I’EltSttN EOK 'I'lIHEE 

Hours’ Continuous Ofc.ui'ATioN, the .Sut' i.t ek hking Ci.oskd 

AND UnVKNIII AIED 


Hrf. 

Hholir'r 

Length, jlhimetor. 

hiiiraiu'o Cvortn 
LriiiUit. I 

AHdiuK. 
stiiflac-r mtm. 

"IhrW' 

hiitir 

({trtwinsil. 

i'*i|w'Uy if 
vruuktitd with 
i<l«» rn, ft, |wr h«iUf, 

A. 

H' 

4 '' 

/*' 

sr 

*1 

a5« fi€|. ft. 

.i *3 

Hi {in a niws), 

B. 


* it 

M 

t* 

400 ,, 

5’3 

ati „ 

C. 

,r 

7 «* 

f/ 

# ♦ 

aHo ,, 


10 ,, 

lb 

sc/ 

»>* 

»¥ 

«# 

440 

5 ’b 

as 

H. 


84^ 

ar 



4 *i 

JO (in ruwM), 

h\ 

SC/ 

M 


«* 


9'5 

44 t* 

G. 

r 


It/ 

«* 

3.35 

4'5 


11. 

IC/ 


1 


5-^5 M 

7'0 

iC* ** 


Table LXXXV 

Capacity oe Closed Unveniilated Sum tMc; according to 
the French Formula (based on Cubic rAPACiTv) 

.Sti;«ol»h«ltcr(Kel.T»Mel.XXXtV).j A, C, U. K. O. K. 

Persons ac»iiimcMlatiicl . 1*3 5*3 5*9 4*1 Ci%5 4*5 7*0 

Cubic capiicity ill cub. ft. , 4B5 jto slis .145 ^45 395 75® 

Hours of saf# occw|mtkm , 1*511 a**a !•»« its i*S 8 a*a«i 

The use of pre-cast concrete pipes affords a very convenient 
method of constructing family air raid shelters, as shown in 
Figs. 117-121. 
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LONGITUDINAL SECTION 




CROSS SECTION 


PRE-CAST CONCRETE TUBULAR SHELTERS 


Fig. 119.—Details of a very strong and simple type of pre-cast concrete 
tubular shelter aliording a high degree of protection and suitable 
for extension to accommodate fifty persons. 
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8 ' 9 * 



SECTION B. B. 



SECTION C. C, 


Fig, 121.—Further view of the shelter shown in Fig. 120. It will be 
noted that no shuttering or formwork is used in concreting and the 
shelter can be constructed with unskilled labour. 
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7/Joi^ 


Hock garden 

Sdfpubbfe 






G&s-ti^ht andspUnteP-proof door ^0^^^ 

Seat-^ L 


Floor line 


d/a. pipe 


Fig. 123, —Improved tubular shelter aifordiag a high degree of pro¬ 
tection. Note the sand filling of the emergency exit as interior 
protection of the outlet (always somewhat vulnerable). 
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for rates, and it is obviously desirable in the interests of civil 
protection to facilitate the passing of plans and to encourage 
owners to construct shelters by wholly or partially derating 
them. 

Building societies should also be encouraged to advance 
loans on approved schemes for permanent shelters. 

Fig- 123 shows an improved form of tubular concrete 
shelter. 


NORCON AIR RAID SHELTERS 

Tubular shelters completely buried under the ground, 
generally as illustrated in Fig. 124,15 ft. long and 6 ft. diameter. 


0/234 





complete with gas-tight covers and equipment, but excluding 
electric light, would cost about £175, delivered and erected in 
the London district. 

A new type of shelter, as shown in Fig. 126 and constructed of 
strongly reinforced concrete tubes, 54 in. in diameter and 4 in, 
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thick, can be supplied at a figure of complete with door and 

armour-plate glass windows. 

These shelters are 15 ft. long and accommodate 6 adults. 

They can be supplied with lavatory accommodation and 
emergency exit at the opposite end to the entrance if desired. 

Norcon Ltd. also supply a private type of tubular shelter— 
54 in. diameter, 9 ft. long with ends—delivered at site for 
lio xos. Installation, doors and windows extra. 

An appreciable point in favour of the smaller shelter is that 
it need be only half submerged, with a rockery constructed over 
the visible portion, without detracting in any way from the 
appearance of the garden; furthermore, in normal times the 
shelter can be utilised for the storage of garden implements, 
deck chairs, etc., and even for the storage of roots. 


RIGBY PATENT R.C. SHELTERS 

The general form of these shelters is shown on Fig. 127, from 
which it will be seen that the structure is of segmental section in 
the form of a gothic arch with domical ends struck to the same 
radius. It is made up of small portable sections of pre-cast 
concrete which when bolted together are capable of withstanding 
considerable pressure, since the whole structure when loaded is 
under compression. 

The sections are pre-cast in precision moulds and are there¬ 
fore interchangeable, the whole of the units being delivered for 
erection on site to specific instructions given by the 
manufacturers. 

Additional protection in the form of layers of reinforced 
concrete and earth to any desired amount can be added, and for 
small individual shelters two ends can be erected together 
making a complete circle on plan. 

Any length of gallery can be constructed simply by inserting 
intermediate parallel sections as required. 

The internal dimensions of the new Rigby shelter are 
6 X 6 X 6 ft., and can seat four a side. 

The slabs are in reinforced concrete 3 in. thick, and are 
erected with bitumen joints, end and side flanges being bolted. 
Additional thicknesses of concrete can be added as desired. 




RIGBY PRE-CAST R.C SHELTER 


Fig. 127. —^Tlie Rigby pre-cast concrete shelter. Semi-circular 
arched sections on. 3 ft. vertical side walls, making gallery 
6X6 ft. now available.—Rigby (London) Ltd., ^4 High 
Holborn. 
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The prices of Rigby shelters are as below :— 

Table LXXXVI 

£ s. d. 

Type “ A shelter with top end area above 3 ft. Springing 
line open for use with gas masks . . . . . 12 10 o 

Type '' B with one gas-tight steel door and one reinforced 

concrete closed end . . . . . . . 18 o o 

Type C** with two gas-tight steel doors . . . . 22 10 0 

The following are service and sales charges :— 

£ s. d. 

Excavation 6 ft. 6 in. x 6 ft. 6 in., 3 ft. deep, and replacing 

over top of shelter . . . . ,, . . 2 10 o 

Per each additional 2 ft. 6 in. in length, 3 ft. deep . . o 12 6 

Constructirig reinforced foundation slab, 4J in. thick X 

7 ft. X 7 ft. . . . . . . . . 2 10 o 

Per each additional 2 ft. 6 in, length . . , .100 

Complete arched reinforced concrete sections, per foot run . i 13 4 
Reinforced concrete vertical wall ends complete, less door 

opening, 3 x 2 ft. . . . . . . . 2 10 o 

Doors complete, J in. steel plate with armoured-glass '' look 
out,*' size 3 ft. X 2 in. (alternative inside or outside 
opening) . . . . . . . . . 4 10 o 

Extra for carrying materials and constructing through yard 

or house where mixer cannot be used . . . .0100 

Constructing additional thickness of concrete over shell of 

6 X 6 ft. shelter—3 in. thick. . . . . • 3 15 o 

6 „ . . . . . .700 

Incorporating i in. steel mesh in above additional thickness 2 10 o 
Erecting shelter, 6 X 6 ft., and caulking all sides and flanges 

and bolts in bitumen . . . . . . . 2 10 o 

Additional lengths pro rata. 

Caulking and fixing additional ends (two ends complete) . i 10 o 

An advantage of this type of construction is that all units 
are of small size and capable of being handled by two men, so 
that the shelters can be erected in confined spaces in basements 
or in corridors with airtight bulkheads at intervals as desired. 

STEEL TUBULAR SHELTERS 

Fig. 128 gives details of a steel tubular shelter which, installed 
in the manner indicated, has exceptionally high splinter-proof 
and blast-resisting properties. It consists essentially of welded 
steel tubes of J in. metal delivered in 4 ft. lengths and having 
an internal diameter of 4 ft. 6 in. to 5 ft. or 6 ft. as required. 
Delivered with the lining are a hollow steel bulkhead already 
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Fig. 128.—^The steel tubular shelter with blast-proof spHnter-resisting and gas- and water-tight door. (Note blast-proof 

'window^s and emergency exit.) 
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welded in the end section complete with blast-proof splinter- 
resisting cap and watertight door of steel i in. thick provided 
with a circular window of f in. armour plate glass. 

It will be seen on examination of the details that the door, 
which is 3 ft. diameter, is provided with four toggle-locking and 
wedging devices which can be operated from both sides of the 
door. 

At the far end of the shelter a J in. end plate is provided with 
removable cover over emergency exit leading to a i ft. 9 in. 
internal diameter steel tube, 4 ft. long. The emergency exit 
cover is also provided with a i ft. diameter blast-proof window. 
A method of installation is indicated in the Fig. 128, from which 
it will be seen that a trench, 4 ft. 6 in. deep, is dug to an 
octagonal section, a steel tube being installed therein with con¬ 
crete surround. The excavated material is heaped over the 
crown of the shelter and finished with a rock garden. 

The shelter can be supplied at the costs indicated in 
Table LXXXVII. 

The installation costs will naturally depend upon local 
circumstances, but as no skilled trades are involved purchasers 
can instal these shelters themselves. 

Seating accommodation, according to the requirements of 
the purchaser, can best be obtained locally. 

This type of shelter, admitting daylight through the amply 
protected windows, very largely removes the feeling of 
claustrophobia so often experienced by individuals occupying 
close shelters. 

The fact that the door opens inwards and that the gear is on 
the inside makes it less vulnerable to damage and blocking by 
dibris exterior to the shelter. The accommodation provided 
by the shelter is given in Table LXXXVII, page 330. 

The superiority of steel as a lining of shelters is generally 
recognised. The material is the most impervious to gases, the 
surface is hard and completely hygienic and being cold is best 
for the dissipation of heat and the condensation of the humidity 
in the enclosed air. 

Ciovemment Surface Shelters 

There is Uttle doubt that a shelter properly constructed 
below ground affords the best protection, but in their pamphlet, 
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TTPIS Ot^ GOVERNMENT SURFACE SHELTER FOR DOMESTIC PURPOSES 

A SHELTER WITH D SHir.'R ■■“■Cjr rr. r ■ E EJ-.R WITH 

.TRAVERSED ENTRY D. 



THE POSITION or SHELTERS THE POSITION OF QUADRUPLE SHELTERS IN RELATION TO 
IN RELATION TO BUILDINGS BUILDINGS AND PROPERTY LINES. 


:g. 
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" Directions for the Erection of Domestic Surface Shelters, 
the Home Office make the following recommendations ;— 


Sizes of Domestic Surface Shelters, 6 ft. 6 in. 



High Inside 

No. of persons. 

Size. 

6 

. . 4 ft. 6 in. X 6 ft. 6 in. 

8 

. 4 ft. 6 in. X 8 ft. 6 in. 

10 

. . 4 ft. 6 in. X 10 ft. 6 in. 

12 

. 4 ft. 6 in. X 12 ft. 6 in. 

Units of these 

sizes can be built together in double 


quadruple sets. 

Shelters which do not accommodate more than twelve 
persons are required to have not less than 3| sq. ft. per person 
floor space. 

Arrangements and siting are shown in Fig. 129. When the 
shelter is within 6 to 15 ft. distance from the house it may be 
assumed that the house affords sufficient protection for the 
entrance. 

At greater distances the entrance should be suitably 
'' blinded ” with splinter protection. 


Materials 

Concrete for Floors 

112 lb. B.S.S. Portland cement to 
12 cub. ft. clean hard aggregate containing 25 per cent, 
by volume of sand. 

Concrete for WaUs and Roof 

112 lb. Portland cement. 

3 cub. ft. approved clean sand. 

5 cub. ft. well-graded H- in. — | in. hard aggregate. 

Bricks 
Burnt clay. 

Sand lime to B.S.S. 187, 

or Cement concrete to 1,500 lb. compression when wet. 
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CONCRETE DOMESTIC SURFACE SHELTERS 

WOBKINC DRAWINGS FOR SHELTERS TYPES A. & B. DESCRIBED )N HOME OFFICE A.R.P DEPTHS. 
PAMPHLET '^DIRECTIONS FOR THE ERECTION OF DOMESTIC SURFACE SHELTERS* 

THE STANDARD DESIGN. INTERNAL DIMENSIONS A^B'WIDE 
xB: 6 ''lONG (as drawn), provides shelter for e PERSONS, 

FOR B.IO, OR 12 PERSONS INCREASE LENGTH TO B(6* lO.'i', 

OH l2lB* respectively. 





w 


FRONT ELEVATION- 
Type 'A* 

REAR elevation- 
Typtt -At B- 

( 

L-js/jaf _^ 

i. _j 

1 

_ 



'i'll, ■v.-"':: ' 

's'J.-lT 

... s'e"._ Jjs'j 

.15'.-'. . 6'6'_ 


■^'Buttrrdy nut« to 
J*eo4ch bolit, 


7 Stf»t pUff.» both 

Emtryrncy txK 
6 p«ninf (illtb 
with loot* brick* 
concrete block* 
f other »lmIUr 
leterlel. 


Bottom ber* rtrom the 



Type-A* 


l|^i 


2 .'o.k eleJi—-i 

4oor i 

openlnj. 


fja'o' K 

itaa 


toi 6(0.* 

door, 

epentnf. 


PLAN Typd.A' 
CUANTITICS. (Approx.) 


PLAN Typ*.#. 

BAR details. All Mr* itr 4 ight)*M.S. 


MATERIALS 

TYPE A 

TYPE B .. 

Concrete 

12-4 eu.yd. 

B-3 eu.ytl. 

Formwork 

SB *g.yd. 

44 M.yd. 

Reinforcement 

«Sib. . 

4« lb. . 


SHELTER 

LENGTH 

NO. OFF. 

Type A. 

Si- 

ss 

II 

S 

2 

3 

Type B. 

* 8.'2.' 

S 

6;2r 

13 


CONCRETE MIXES. Floor... 112 lb. Port lend Cement, l2cu.U. Aggregete, Including tend. ^ 

(For full detelt* tee Well*,I ||2lb. Portlend Cement. 2( to 3^ cu.H.*end. Scu.ft, eggregtte, f down. 

Home Office Roof.J oril2lb. Portlenid Cement. C cu,tt. ^All In'keileit. 

Pemphlft.) 

Plll-hox N0.2 mixture'complying with the *kove eggrefete* ipedtlcellon 
mey .be rtedlly ebteined commerdelly. 


I PRC. NO. I« 7B . tc.i, 

Fig. 130.- 


f-J'ple. M,S. rod* 
' et ll'er*. 


4* Ole. M,S.rod» 
et Sjfcr*,.- 


ROOF PLAN' 

Type 'A' 

Shewing Reinforeoment. 

■i*Dle. M.S. rod* 
et ll'er*. 


TdI*. M.S. 
rod* et 5i'“ 


ROOF PLAN' 

Type.B' 

Showing Reinforcement. 


-Working drawing of domestic surface skelter A and B. 

(Courtesy C. (S' C. -4.) 


Mortar 

I part Portland cement. 

part lime putty or hydrated lime. 

3 parts approved clean sand by volume. 


Floor 

Concrete, asphalte, gravel or hard earth, 
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CONCRETE DOMESTIC SURFACE SHELTERS 

WORKING DRAWINGS FOR SHELTERS TYPES C. & ,D. DESCRIBED IH HOME OFFICE'A.R.R DEPTHS. 
PAMPHLET '"DIRECTIONS FO.R THE ERECTION OF DOMESTIC SURFACE SHELTERS* 

THE STANDARD D£ S 1C N . INT E RN A L DIMENSIONS aVWIDC 
X €,'6'long fSlnql* UnU), PROVIDES SHELTER FOR « PERSONS. 

FOR ft, 10, OR 18 PERSONS INCREASE LENGTH TO ft^ftt tO.'ft'. 

OR la.'fi' RESPECTIVELY. CAPACITY OF DOUBLE SHELTER, 

TYPES C.OR D. (AS DRAWN).IS 12 PERSONS. 



ftuiUrlly nutt to ftoUom b«ri I'lram Ihv 

|'’eo,ich boll*. Jnt*rn<l <<*# of th# r 


I Stool RIotoi both 
. bldtb. Cfflorioney 
oxit oponinf fillod 
with loofr bricb, 
eoncroto blofkb 
or othor ilmlUr 
jjiolorUI. , 


FRONT ELEVATION- 
Typo-C- 

. ^ 


REAR CLtyATIOM- 
Typo -C- 


k-- 


SECTION 
Typo .C • 



-i'Dk IMS.rodi 


i'DU.M.S. 
rodt 4t 
fti'crt.- 


PLAN TypfC 
QUANTITIES. (Approx.) 


MATERIALS 

TYPE C 

TYPE D 

Concrolo 

IB'lcu.yd, 

IS'6cu.yd< 

Formwork 

BS •d.yd. 

72 M.yd. 

Rolnforeomoni 

126 lb. 

100 (b. 


PLAN Typo-D 

BAR DETAILS. All bdr» ttrolflht 


AUofMtlvo 
rolftlort 
•tool moth of 
oquivolont voluo, 



4u 

■ 

IT: 

ip- 

3= 



ROOF PLAN- 
Typo -C' 


SHELTER 

length 

NO. OFF 

Typo C 

M.'a' 
nr sr 

20 

10 

Typo D 

ii.'a* 

16 

Bfa' 

10 


r 4'0U.M.5,rod« 
' * 4i ll'er- 


i'Oio.M 






CONC. . 

(For full doUllf « 
Homo Offlco 
pomphlft.) 




Wolli.'l liaib. Portlond Comonl, aj toSj cO.H.tond, Scu.lt.o^groiolo.j'dn, 
Roof.J or lia lb. portUnd Comonl. >6 cu. fl.'AH In'bolUtt. 

>II|.bok Ne.2 mixiuro'complyinf with iho obovo ofdrtfoUi tpoelH 
fflty bo roodlly obiolnod oommoreUlly. 






DRG.no. IftBB, te. 


Typo-D- 

Shewing Rolnfoi 


Fig, 131.—^Working drawing of domestic surface shelter C and D 


Walls 

External. 13^ in. brickwork. 

15 in. pre-cast concrete block, 
or 15 in. in situ concrete. 
Internal. 4| in. brickwork, 
or 4 in. concrete. 


Reinforced concrete 5 in. thick (iw situ or pre-cast with 
rebated joints). 

I in. rods at 5 J in. c/c on shorter span with usual distribu¬ 
tion bars or equivalent medi. 
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CONCRETE DOMESTIC SURFACE SHELTERS , 

WORKINQ DRAWINGS FOR SHELTERS TYPES £. & F. DESCRIBED IN HOME OFFICE A.R.R DEPTS. 
PAMPHLET 'DIRECTIONS FOR THE ERECTION OF DOMESTIC SURFACE SHELTERS' 

THE STANDARD DESIGN INTERNAL DIMENSIONS AfsTWIOE x LONG (Sln9ltUnU). PROVIDES SHELTER FOR 6 PERSONS. 
FOR B, 10, OR 12 PERSONS INCREASE LENGTH TO afSTlOfSTOR I2f«r RESPECTIVELY. CAPACITY OF QUADRUPLE 
SHELTER. TYPES E OR F (AS DRAWN).IS 24 PERSONS. Bottom b*r. I'from ih. 

intornti f««# of th* roof, 1 j'oU. M,S.ro<l* 

' I a ll'er*. 


ELEVATION • Typo 

I --1 

,.. 1 ^. 1 ..., 4 .. 

II 2:0* __ p, 

i/- 

■i' ?■ .-V 

S's' I' 


■ELEVATION • Typo-F* 




At* 

6‘6' 



'l— f 


\ _Lu -J 


NOTE) 

Alt*rti*tlv» r#l»)f«r**m»nt 
it itool moth of o^uWtlont 


ROOF PLAN • 
Typo -E 

ShoMlofi Rtinforcoi 
ti'DIo. M,S.r< 
' «l Il'ert. 


PLAN* TypfE- 


• 2‘c.'. s-'er 

3| J. 

PLAN Typo 


2.'0fx 5 : 0 * 

door 

opontnf. 


materials 

TYPE E 

TYPE' F 

Ceneroto 

33'Ocu.yd. 

24'Oeuyd. 

Formwork 

173 tg.yd. 

I27tq.yd. 

Roinforcomont 

2 SO lb, 

2001b. 


All bort ttfoljht f* M.5. 


;ncth 

NO.OFF 

ilfO,' 

40 

II.'S' 

20 

11! or 

32 

8.'2r 

20 


ffor lull dotollt I 
Homo OflUo 
pofflphitt-) 

PRC. NQ ISBB. to t; 


Wollt.l 1121b. Portions C< 

Roof.J or 112 lb. PortUnd C. 

'Pill-box No 2 mlxturo'cotfiplyH 

moy bo roodily obtojnod eommorcU 


t. l2eu.U, offrofoto, including tind, ^ 
t, 2^10 3^ eu.lt. ttnd, S eu.ft. ofgrtgoto.J'down. 
4. 6 cu.ft.'All In'bolUtt. 



ROOF PLAN' 
Typo'F' 

Showing Roinforcomont. 


Fig. 132.—^Working drawing of domestic surface shelter types E and F. 


Lintels 

6 in. deep concrete reinforced with three f in. bars. 
Emergency Exits 

2 ft. square with J in. mild steel plates on each side, bolted 
through with four | in. bolts and space filled with 
rubble or gravel. 

Working drawings are reproduced in Figs. 130,131 and 132. 
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SUNK SHELTERS RESEMBLING SURFACE TYPES A,B,C, Dand £. 

A. B. I.f - ' ' 




X »Tunn£l typ€ exit, 

y -ShGlter-b-shelter type escape. 
H-Entrance ky ladder from 
opcninq in roof. 



One tunnel exit only would probobly 
be enouqh for this pair of shelters 



Roof 

removed < 
to show- 
interior;: 
of _ 
shelter.' 


Cot- 

ladder- 

leadina 

Ihrouqn 

hotch in 

rocf 


•SKETCH SHOWING TYPICAL ?UNK SHELTER. 

^Steel plots or other cover 
may be used here. 

-Tunnel type emergency 
exit (shown in section.) 

■Eosily raised covei; 

dr other protectiop 
to opening. 



Tunnel exits <3re not needed for this quadruple shelter 


tYVRTLY SUNK SHELTERS 
Except that these con hove 
emergency exits above 
ground l^el, th^ resemble 
fully sunk shelters in qenenol 
design. 


E 


50 -PERSON SHELTER.S, 

The drawing on the right shows 
a typicol sunk shelter to take 
60 people, having two 
entrances;ensuring means 
of escqpe & also giving through 
ventildtion.The key ptan shows 
the relative siting of a 
group of such shelters. 


'• • Mirinrvum^IO? 


t; 

9 


KEY PLAN. 


“‘■T7-o‘:I 

PLAN o( single shelter. 


Fig. 13 3. —Sunk or partly sunk skelters based upon Government surface types. 

{Cowtesy “ The 
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Sunk or Partly Sunk Shelters 

Based upon the Government surface types, sunk or partly 
sunk shelters can be constnicted generally as shown in Fig. 133. 

Reinforced Concrete Pill-box Shelters 

Fig. 134 shows details of pill-box dual-purpose shelter, 
Type A, designed by the Cement and Concrete Association. 



rravlil*< ky iht luyylim 
ei (h* 

All y<in*lt 34 * 1 ( 24 * 

All v«rt,lc<il linvrt 

Fig. 136.—Steel forms for pill-box shelter. 

Fig. 135 shows the timber shuttering required and Fig. 136 the 
alternative steel shuttering. 

It is estimated that the complete cost of this unit shelter 
would be between 1^35 and £40 if the shelters were built in reason¬ 
able numbers, allowing for repeated use of shuttering. 

An improved appearance and.increased thermal insulation 
can be secured by the use of permanent timber shuttering, as 
shown in Figs. 137 and 138. 







elevation showing permanent 

FORMWORK TO OUTSIDE OF SHELTER. 



PLAN SHOWING GENERAL ARRANGEMENT 
OF FORMWORK TO WALLS. 


SECTION SECT'ON SHOWING 

SHOWING PERMANENT FORM- 

GENERAL WORK TO INSIDE OF 

ARRANGEMENT. SHELTER. 




PLAN SHOWING PERMANENT FORM- 
WORK TO ROOF PROVIDING TIMBER 



DETAIL PLAN SHOWING PERMANENT DETAIL PLAN SHOWING PERMANENT’ 

FORMWORK TO OUTSIDE FACE OF WALLS. FORMWORK TO INSIDE FACE OF WAI 


Fig. 137.—Permanent timber formwork for H.C. pill-box shelter. 


Notes 

Permanent timber formwork or shuttering can be applied 
to the outside of the structure as a facing, or to the inside as a 
lining. 

It is not advisable to encase both sides of a concrete wall 
until the concrete has dried out, consequently permanent 
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formwork should only be applied on one side, either externally 
or internally. 

The internal size of a shelter will be reduced by an internal 
lining. In setting out, this should be allowed for if necessary. 
This should be noted particularly in regard to the height. 

Permanent shuttering applied externally may consist of a 
standard type of weather boarding i in. or more in thickness. 
Internally the shuttering may consist of any convenient 



Concrete _ 
Exposed by{ 
remove! of \ 
tempore rj 
formboi"' 


R.C. 

Well. 



Finish of inner 
linfn) et door 
fre me... 

4113 'Door freme 
Door. 


Outside.) 


Finish of outer 

feeing 

freme.. 


^ItS^Door freme 


SECTION THRO' 
OUTSIDE FACING. 



FINISH 
ENTRANCE, 


Fig. 138.—Details of permanent timber formwork for R.C. pill-box shelter. 


type of boarding or plywood ; i in. tongued, grooved and vee- 
jointed is shown. 

A layer of waterproof building paper to be inserted 
immediately behind permanent shuttering. 

Fixing fillets and timber embedded in concrete to be well 
treated with preservative, and similar treatment is recom¬ 
mended on the back of permanent shuttering. 

Formwork to be constructed to give adequate support during 
concreting, and to enable supports and temporary timbers to 
be dismantled without damage to the permanent shuttering. 

As an alternative to tie bolts as shown, strutting externally 
and internally may be adopted. 

Timber spacers in walls to be removed as the work proceeds. 
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Faces of temporary formwork also tie bolts to be cleaned and 
oiled to facilitate removal. 

Bolt holes to be plugged at completion. 

Exposed surfaces of permanent shuttering can be painted 
or otherwise finished as desired. 


Quantities 


The quantities required are as below :— 


Permanent Shuttering Applied as 

External Facing 


Weatherboard facing (permanent) 


i" thick 

243 sq. ft. 

Shutter boarding (temporary) 



309 ,, 

Studs and ledgers 


4" X 2'' 

563 lineal ft 

Roof supports .... 


5" X 3 '" 

48 

Wall spacers . . . w 


ir X ir 

18 

Plxing fillets, splayed . 


2" X iT' 

9 t 

„ ,, square . 

Angle fillet, dressed 


a"' X iT' 

39 


3^ X l" 

15 

it )> it ... 


2^ X l" 

26 

Gutter, dressed .... 


5" X 3^ 

43 

Capping, dressed 


ir X r 

44 

Bed fillet, dressed . 


2" X x" 

41 

Waterproof paper lining 



30 sq. yd. 

Bituinen roof covering ‘ 



12 ,, 

M.S. bolts and washers, ^ . 


2' 9" long 

18 no. 


2'6" „ 

2 ,, 



8" „ 

8 „ 



6" „ 

44 1- 

M.S. holdfasts .... 



12 ,, 

Total timber. 



92 cube ft. 

Total bolts, etc. 



89 lb. 

Permanent Shuttering Applied as 

Internal Lining 


Boarded lining (permanent). 

. 

thick 

286 sq. ft. 

Shutter boarding (temporary) 


1" 

tt 

270 „ 

Splayed nllet to form channel in wall, 



dressed ..... 


2" X l" 

39 lineal ft 

Triangular fillet to form coping splay. 


dressed . 

, 

2 i" X zv 

39 

Studs and ledgers 


4" X 2" 

5^3 

Roof supports, dressed 


3" X s'" 

3 

tt tr tt • • 


s" X 2^ 

47 

Wall spacers .... 


IV X IV 

18 

Fixing fillets, splayed . 


3" X ir 

50 

a . 


2^ X ir 

123 

,, ,, square . 


2^ X ir 

13 

Angle Allot, dressed . 


2"^ X 


Waterproof paper lining 



35 sq. yd. 

M.S. bolts and washers, V . 


2' if long 

18 no. 



2'6^ „ 

2 „ 



8" „ 

8 „ 

M.S. holdfasts 


6 '' „ 

44 



6 it 

Total timber. 

, 


87 cube ft. 

Total bolts, etc. 

, 


80 lb. 













DESIGN FOR APPLIED PLYBOARD LINING TO PILL-BOX 
DUAL PURPOSE AIR-RAID 'S H E L T E R - A P P R O V E D TYPE'A 

TIMBER DEVELOPMENT ASSOCIATION LTD. 

EQUITABLE HOUSE, 47 KING WILLIAM STREET. LONDON, E.C.4. 


Fig. 139. 
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PLAN 


aUAIiTlTlca. (ApprOKimaNi). 

UMirtc,i"»oAnDiMa,Cor otner) 26 a 34.ft. 

BATTcna, av lit",.a+B iw.ft. 



SECTION. 




In1i#r6*l tlnlnf lo contiti of Ungut^ on4 froovtd «n4 vtc 

Jointed motchbeording,'if In. thick, or ethtr luitoble tinibor. 
Boordinf to bo noHtd to 2*x Ijf* limber botteni, 

Bettent to be ocrewtd to pluft »tt In concrete. 

Plui|» mey be of timber or other luiteble type, 

VentiUtion to be provided behind lininp by'j** diem. 


Anflef beedo e« ohown ere optlonel, 


ALTtRNATIVE FIXING FOB BATTENS . 


A leyer of »tout welerproof building 
peper muit then be Interted behind 
the boerdinf. 


SCALES. 

Feet. 

Inches. 



‘d with 
In, 

i^Llnlnq 
proof 




DESIGN FOR APPLIED TIMBER LINING TO PILL-BOX 
DUAL PURPOSE AIR-RAID SHELTER - APPR0VED' TYPE• A- 


TIMBER DEV 
EQUITABLE HOUSE, 


ELOPMENT ASSOCIATION LTD. 

47 KING WILLIAM STREET. LONDON. 


E.C.4, 


Fig. 140. 
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Linings in plywood or boarding are illustrated in Figs. 139 
and 140, and these will be found to be self-explanatory. 

Type B pill-box dual-purpose shelter is estimated to cost 
between £35 and £40 on the basis set out above. 

Type C to similar details would cost £30 to £35, and 
Pill-hox type A.R.P, Wardens’ post (Fig. 141) would cost 
about £50 to £60. 

Buried Concrete Shelters 

Figs. 142 and 143 show view and details of a buried rectangular 
concrete shelter designed by the Cement and Concrete 
Association. 

The approximate quantities involved in the work of con¬ 
struction are as below:— 

Length ... :6' 6' 6" 

Capacity . . . 6 persons (or 16 3 persons (or 6 

with ventilation) with ventilation) 
Excavation . . 60 cub. yd. 34 cub. ycl. 

Concrete ... 12 „ 7 h „ 

Concrete Mix : 1 : aj : 4 
Bar reinforcement . cwt. I 2 cwt. 

Mesh reinforcement . 64 sq. yd. I 41 sq. yd. 

Circular Type of Buried Concrete Shelters 

An excellent t3qpe of circular concrete shelter of the large 
man-hole form is sold by Messrs. Universal Floors Ltd. It is 
illustrated in Figs. r44-i47 inc. 

The particulars and prices are as follows :— 

Type A (see Fig. 145) is the “ Ventilated ” type. It cannot 
be made gas-proof, and during a gas attack gas masks would 
have to be worn. It does, however, provide ample protection 
from bomb splinters and fisdng dSbris. It is essentially as 
shown in Fig. 145. 

To accommodate seven persons. 

,£ s. d. 

Cost, complete as diagram, materials supplied only 3200 
Approximate cost, installed (according to site 
conditions) . . . . . . . 46 0 0 

Type B (see Fig. 145) . This is similar to Type A, but with 
the addition of arrangements for the installation of an air 
conditioning plant, as shown in Fig. 146. This type is gas-proof. 




{Courtesy C. C.A 

Fig. 142.—Cut-away view of buried rectangular concrete shelter. 





































CIVIL DEFENCE 


316 



MAHinvtw 7 . FIrsowb. 


^ Alff R’ftlP S HELTEfT Type A fopefiY(rm».>Tet>Tvrc .1 

T?jo,.C:>te^n PE & Sirtiv.ftg Btyr sc^LCp acmhst Ai«y Cor«DiTiow|Mgi PVi^mt . 

ntB^TSSS., C-' ( tesJL FtBTEl. 

Fig. 145. 

To accommodate seven persons. £ s. d. 

Cost, complete with air conditioning plant, supplied 
only . . . . . . . 48 0 0 

Approximate cost, all as above, installed (according 
to site conditions) . . . , , , 63 0 0 






Fig. 144.—Cut-away view of man-hole type of domestic shelter. 


[To face pa^e 316. 
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%«« Stm f^AN. 


EfnEi?CiEna Exit. 



Air RiwoSHELTEffs. 


bcmiL'i. OF 
EmEPStrncvEviT. 


Fig. X47. 

provides an easier means of entrance. It also provides screened 
accommodation for the chemical lavatory. 

To accommodate seven persons. £ s. d. 

Cost, complete, with air conditioning plant and 
chemical lavatory. Materials supplied only - 59 0 0 

Approximate cost, all as above, installed (according 
to site conditions) , . . . . . 76 0 0 
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Type D (see Fig. 147). This is exactly as for Type C, but 
with the addition of a side door entrance to the air-lock in 
place of the trapdoor. 

To accommodate seven persons. ■£ s. d. 

Cost, complete, with air conditioning plant and 
chemical lavatory. Materials supplied only . 70 0 0 

Approximate cost, all as above, installed (according 
to site conditions) . . . . ■ • . 90 0 0 

Emergency Exit. Minimum • length, see Fig. 147- This is 
suitable for all types of shelter, and is strongly recommended 
by the Home Office. It provides an alternative means of 
escape should the ordinary exit become damaged or buried 
by wreckage. 

£ s. d. 

Cost, materials supplied only . . . ii 0 0 

Approximate cost, installed (according to site 

conditions) . . . . . • ■ 15 0 ^ 

Extra length per foot. 

Cost, materials supplied only . . . .080 

Approximate cost, installed . • ■ . 0 15 0 

Shrapnel Screen for Trapdoor. This screen is suitable for 
Types A, B and C only. It provides additional protection to 
• the entry trapdoor, screening it from spent shrapnel and other 
flying fragments from bombs and anti-aircraft fire. 

■£ 

Cost, materials supplied only . . . . 6 10 0 

Approximate cost, installed . . • ■ 850 

Draining Pump for Wet Ground. In wet ground the drainage 
soakaway would be useless and it would be necessary to pump 
out any accumulated condensation or other dampness that 
may have collected. This pump is suitable for all types. 

£ s. d. 

Cost, materials supplied only . . . • 3 ^5 0 

Approximate cost, installed . - • • 5 0 0 

Internal Door {in lieu of Blanket). Suitable for T57pes B 
and C only. 

£ 

I 10 0 
200 


Cost, materials supplied only 
Approximate cost, installed 
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Shelves. Suitable for all types. 

Cost, materials supplied only . . each 050 

Approximate cost, installed . . ,,090 

Fig. 148 shows an improved type of family shelter, giving a 
very high degree of protection. Attention is directed to the 
fact that the shelter proper is contained'within a 6 ft. diameter 
reinforced concrete tube sunk vertically in the ground with a 



Fig. 148.—Bomb-proof family shelter. 


smaller tube in the bottom to' give the necessary leg space. 
Entrance and exit is through a tunnel of egg section, and the 
roof is in the form of reinforced concrete carried to any desired 
thickness. A concussion layer of sand or aerated concrete is 
then spread over the roof of the shelter, and the reinforced 
concrete cone, which acts as a bomb deflector and detonator, 
is constructed thereon. The entrance, as shown on this 
drawing, is closer to the shelter than would be desirable, but 
the general arrangement, as shown in the small plan, should 
wherever possible be adhered to provided the entrance is kept 
further .from the centre of the shelter. 
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Steel Shelters 

The pressed steel “ Elephant ” type of steel shelter afforded 
by far the most secure “ above ground ” protection to our 
armies in France in the Great War, and Messrs. Joseph West- 
wood & Co. Ltd. are still producing this type of shelter in 
curved pressed steel troughing J in. thick. 

There are three models—5 ft. 6 in., 7 ft. 6 in. and 9 ft. 6 in. 
wide—available at prices of los., £2 and £2 2 S. 6 i. per foot 
run respectively. 

The household shelter made of the same material is produced 
to the Government standard dimensions—6 ft. 6 in. high, 
4 ft. 6 in. wide and 6 ft. long. In it six to eight adults and 
children can be accommodated. 

It should be sunk to a depth of 2 ft. and surrounded by 
sand-bags or earth to a thickness of 2 ft. 6 in. 

The cost, with pressed steel troughing back, is £j^ f.o.r. 
London. Extra lengths 2 ft. wide at £2. 


Notes on the Erection and Sinking of the Galvanised Corrugated 
Steel Shelter approved by the Home Office (the Anderson Shelter) 

Fig. 149 shows the individual parts of this steel shelter, 
which, it will be seen, is of an arched t3^e. The internal 
dimensions are 6 ft. 6 in. long, 4 ft. 6 in. wide and 6 ft. high, 
and when erected in a pit it is the intention that earth should 
be heaped over the roof of the shelter. The shelter is intended 
to be splinter-proof and resistant to blast, whilst its resistance 
to direct impact of small bombs may be considerably increased 
if the corrugated iron is first covered with a layer of good 
concrete before the earth is applied. This construction will 
also prolong the life of the shelter and increase its resistance 
to the penetration of moisture. The shelter should be located 
as far as convenient away from any buildings to be clear of 
the possible effects of demolition of such buildings. The 
best distance to adopt is half the height of the building, but 
it should not be less than 6 ft. If, however, the shelter is 
situated more than 15 ft. frorri the building, the entrance to 
it should be protected with an earthen or other type of wall 
affording splinter protection to the entrance. Before excavating 
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for the shelter it is advisable to ascertain from the local 
authorities or from existing records the run of the drains 
and the levels of the water mains in the vicinity in order to 
ensure that the site is reasonably free from the danger of 
flooding. 

Fig. 150 shows the excavation required. If this is made 
7 ft. 6 in. long and 6 ft. wide and 3 to 4 ft. deep, there will be 
plenty of room in the excavation to erect the component 



Fig. 149.—^The individual parts of the Anderson steel shelter. 


parts. The minimum depth of the excavation should be 2 ft. 
below normal ground level. In erecting the shelter a frame 
of steelwork is arranged at the bottom of the excavation, the 
two side channels resting upon the end tee, as shown in Fig. 150. 
The frames should be carefuUy tested for squareness, and when 
finally located the rivets provided should be driven through 
the hole in the channel and through that in the tee down into 
the ground itself. 

It is important to ensure that the whole of the bottom 
frame is thoroughly protected with bituminous or other paint 
before the rest of the shelter is erected upon it. 
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Two men now proceed to erect the six curved corrugated 
sheets, bolting them through at the top, generally as shown 



Fig. 150.—^The frame arranged in the bottom of the hole. 

at Fig. 151. The end sets of curved sheets are first erected 
and the middle sets then placed over them, as indicated in 



Fig. 151. —Erecting the back Arch. A. Supports curved sheets. 

B. Levers slots into line with bar. 

Fig. 149. A liberal application of bituminous paint should be 
used on all overlapping sheets and on bolts, nuts and washers 
used in fixing them, especially along the soffit of the arches. 
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in order to ensure that the joints may be reasonably water¬ 
tight. 

The back end is next fitted, as shown in Figs. 152 and 153. 



Fig. 152.—Method of fixing end sheets into position. 

One of the angle sections is bolted to one of the 3 ft. sheets, 
the same bolt being used to fix the two clips on the inside. 

The two 6 ft. corrugated sheets are then placed one on each 
side of the central sheet with an overlap of one corrugation, 



Fig. 153.—^The shelter complete ready for the earth cover. 

and the end is completed by the fixing of the sheet 3 ft. 3j|- in. 
long, which is pushed from the inside until it just projects 
above the arch and rests upon the clips. When the clips are 
turned upwards this sheet will be held firmly in place. It 
performs the function of an wiergency exit, as it can be 
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removed at any time by reversing the operation described 
above, namely, bending the clips sideways and downwards 
and removing the sheet inwards into the shelter. 

The front of the shelter is similarly erected and the structure 
is now ready to be covered in earth. It is important that the 
material filled in between the metal and the sides of the 
excavation be thoroughly well tamped, as this holds the end 
sheeting of the shelter in place. When the earth is heaped 
over the top of the shelter the finished appearance is generally 



Fig. 154.—The shelter complete with earth cover. 


as shown in Fig. 154. The floor may be finished in ashes, 
broken rubble, duck boards or concrete as desired, but it is 
important to scrape the earth away from the entrance to drain 
off the water. 

It is desirable to keep a spanner and a spade permanently 
in the shelter for emergency use in the event of the entrance 
or exit being blocked by ddbris. 

Permanent Shelters in Houses 

The various “ domestic ” splinter-proof and gas-proof 
shelters hitherto considered have been of the emergency t37pe 
and excepting only the underground shelters or covered 
trenches camouflaged as rock gardens, they are quite 
conspicuous. 

For a small extra initial expenditure a built-in air raid 
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SECTION A A' 



GROUND riOOR PLAN 
or SEMI-DETACHED HOUSE 



A R SHELTER N° 2 council housing 

REF MOH 32-304/434 p 18 

Fig. 155.—^Permaxieiit R.C, shelter tinder the smaller house. 
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GROUND FLOOR PLAN 
OF SEMI-DETACHED HOUSE 


Exit y/ith Blast 
L-Resisting Window 
Fitting 

SHELTER • Plan 

A R. SHELTER N- 3 suburban housing 

REF A J I- 9- 38 p 351 

Fig. 156. —Permanent R,C. shelter under the smaller house. 
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GROUND FLOOR PLAN 
OF SEMI' DETACHED HOUSE 


EKif with Blast 
Reaishng >/inclow 
"Hthng,,' 



A R SHELTER 5 council HOUSING 

alternative to a RS N‘E ref M oh 32 - 304 / 4 S 4 p IB 

Fig. 157. — Pertn^-nent R.C. sb^lt^r under tbe smaikr home* 

• {Cmrk$y C* & C, A*] 





{Cotirlesy C. & C. A.) 

Fig. 158.—Keinforced concrete basement to house giving class 5 protection. 
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Fig. 159.—^Permanent shelters in houses. 
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shelter can be constructed as an integral part of a new house. 
The shelter may take the form of a basement, a store-room, 
or a gas- and splinter-proof kitchen. 

Figs. 155-157 show how such shelters can be built under 
the smaller house, and Fig. 158 a complete basement 
giving Class 5 protection. 

Since the war the number of oAvner-occupiers of houses in 
this country has increased by more than two millions, and it 
is estimated that a very high proportion of them would be 
willing to have a room permanently gas-proofed and spHnter- 
proofed provided the finished work could remain inconspicuous, 
the additional work to the property could be wholly derated 
and building society loans could be secured to meet the major 
part of the expense. 

To meet this very real demand, the author has given con¬ 
sideration to the problem presented by the average villa and 
has prepared plans and estimates of the work involved. 
Modern houses of the smaller type seldom have basements but 
Fig. 159 illustrates the proposals which involve the following:— 

X. Fireproofing. 

(а) The laying of a continuous covering of f in. Durasteel all 
over the loft floor. 

(б) The painting of all roof timbers with fire-resisting paint. 

(c) The covering of the underside of the roof with i in. 

asbestos paper. 

Note .—^The whole of this work remains unseen and 
does not interfere with the peace time use of the loft as 
may be desired. 

2. Blast and Splinter-proofing. 

(a) The taking up of the ground floor of the selected room 
assumed to be 12 x 12 ft. and the laying of water¬ 
proofed concrete over the ground concrete to bring the 
floor up solid for a f in. magnesite or similar jointless 
finish. 

[h) The thickening of external walls to 13 in. and internal 
walls to 9 in. by an appropriate addition of densified 
reinforced concrete on the inside—plaster being 
removed and brickwork hacked for the purpose of 
securing a good bond. 



332 


CIVIL DEFENCE 


(c) The removal of the ceiling and first floor over the selected 
room, replacing this with a solid reinforced concrete 
floor 9 in. thick, laid on insulating fibre board as 
permanent shuttering and ceiling finish and finished 
on top with magnesite or other approved jointless 
floor. 

{d) The provision of blast and spinter-resisting shutters to 
windows generally as Fig. 77. 

(e) The provision of gas-proof hinged shutters to interior of 
windows generally as shown in Fig. 77. 

(/) The provision of gas-proof doors—^in lieu of those 
existing—generally as shown in Fig. 26. 

(g) ,The provision of a permanent but removable fireplace 
cover with ventilating and air filtering attachment 
(stored for Emergency use). 

NoU .—^All items, except the last-mentioned, could be 
carried out at once and would not interfere with the 
normal use of the room. 

3. Gas-proofing. 

(a) The provision of rubber gaskets on all sliding or closing 

edges of windows as additional gas stop. 

(b) The finishing of all new wall surfaces in Gypsum plaster 

finished with a gas-proof skin of enamel to owner’s 
selection. 

(c) Sealing all vents not already covered with new work. 

Note .—^The gas-proofing can be executed at once 
without in any way interfering with the appearance or 
normal use of the room. 

The above described works for a room 12 ft. x 12 ft. x 
8 ft. 6 in. high are estimated to cost £100, but if the above 
specification were adopted for a " shelter ” room in a new 
house the cost would not exceed £25, additional to the cost of 
the budding if carried out to the normal specification. 

Each case should, of course, be dealt with on its own merits 
and architect’s plans prepared and deposited for approval. 

Normally, a “ conversion ” would take four weeks. 

The room as described would give reasonable protection 
from blast, splinters and gas and would be suitable for 
“ sealed in ” occupation by 16 persons for six hours or 




Fig. i6o. —Peniianent air raid shelters in houses. 
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continuous occupation by 24 persons with filter and ventilator 
working. 

A cheaper alternative is in the production of a small family 
lean-to shelter in reinforced concrete generally,, as shown in 
Fig. 125, and estimated to cost no more than £55. 

Splinter-proof shelters of various designs can also be incor¬ 
porated under the gardens behind .semi-detached houses, 
arranged to be shared by the occupants of both homes. 

Shelters of the reinforced concrete tube design can be 
arranged in this way so that the additional rent required to 
cover the cost would vary between 8d. and is. per week. 

Trenches 

By the mere expenditure of a few shillings per head on 
sand-bags, corrugated iron or similar scrap material, a house¬ 
holder can provide splinter-proof protection for his family in 
covered trenches in the garden camouflaged as a rock garden. 
Details of construction of trenches and methods of covering 
them are given in the section which follows. 



CHAPTER IX 

TRENCHES 

Generally 

The digging of trenches and the provision of head cover 
over them is perhaps the easiest way to provide for all kinds 
of protection, except against direct hit by high explosive. 

Various sections of trench shelters are shown in Figs. i6i 
and 163, from which it will be seen that a minimum safe depth 
below ground is of the order of 6 ft. 

Careful attention must be paid to waterproofing, and the 
selection of a suitably drained site is of first importance. 

Garden Trenches 

Fig. 164 shows sketch of a type of garden trench shelter 
recommended by the Home Office. It is intended for the 
accommodation of six persons and is 16 ft. long, 3 ft. 6 in. 
wide at the bottom and 4 ft. 6 in. wide at the top. 

It is divided into three sections—a shelter 10 ft. long, a 
3 ft. length with a sloping gas curtain on a wooden frame, and 
a 3 ft. length at the ladder entrance. 

The shelter affords temporary protection only unless lined 
with more permanent materials, such as Type W (Figs. 177 
and 178). 

The constructional details are shown in Fig. 178, and the 
method of installation in Fig. 177. The only tools required for 
Type W are a pick, spade, and (for mixing the floor concrete, 
etc.) a shovel and bucket. If the seat, gas screen frame, etc., 
are to be home-made, a saw, hammer and nails will be needed. 

Procedure 

I. Mark out the ground 4 ft. 6 in. wide by 15 ft. 6 in. long. 
Excavate as shown in Fig. 177. As the excavation proceeds 
insert temporary wooden struts from side to side, bearing on 
pieces of plank, to prevent risk of the sides slipping in. Con¬ 
struct sump in the floor below the entrance. 

If water is struck and it is impossible to excavate to the 
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Note: covering not shown 
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Fig. 163. —Showing (A) entrance to trench system Fig. 162. 
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full depth, the shelter may be completed by banking up earth 
above ground level against the sides of the projecting revetment. 

2. Along the bottom of each side of the trench make small 
holes 8 in. square by 6 in. deep for the reception of the side 
frame members, and put a 2 in. thickness of concrete in the 
bottom of the holes (see plan on p. 371). When the concrete 
has hardened, erect the frames in the trench, holding them 

/lock Stire/en on 2'o/ ed/'/'h coyen/na I 

( n.. I I 



eU'-fiAiks 

/ron 


SeAt 0/ Zoe/r 


Soeffc/s or CiOc/€jr jbotH2/rf 

£ypr/d/]Zs }y/Wf S/^e/t!/€r*s 

' -/vjb jZ 


.jJ Cto^rooZ Cckrrain 

V lac/c€^ 


THr^rao/ or CreafoZee/. 


Sxeatyairbrr /6 'x 
c/^Zo» 

^ ofZ /oZ^om 


Z/ma Oro mar 24hot/rs< 


Fig. 164. —Sketch showing type of garden trench recommended by the 
Home Office, Lining with concrete as type W, Figs. 177 and 178, 
makes a more permanent shelter. 


upright with temporary wooden struts or other means. Con¬ 
crete the floor of the trench 3 in. thick, embedding the bottoms 
of the side frames in the process. When the concrete has 
hardened, insert the concrete lining slabs between the frames 
and the sides of the trench, and fill in earth to hold them against 
the frames (Fig. 177). Slots must be cut in the sides of the 
trench at the comers for reception of the lining slabs at either 
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3. Complete the roof (Fig. 177) and cover it with earth 21 in. 
thick. In order not to impair the amenities of the garden, 
the mound may be turfed over, or made into a flower bed or 
rockery. Instal ladder, seat, entrance, hatchway cover and 
gas curtain (if desired). 

4. Fig. 177 shows the trench as it appears from above when 
finished. 

Siting 

In selecting a site for a trench system, due regard must be 
given to the following :— 

1. Level of the ground in relation to the surrounding country, 
standing water level in the ground, if known, and the general 
slope which can provide natural drainage. 

2. The proximity of large buildings, which, on demolition, 
would be Hkely to cause damage to the trench system. 

3. The number of persons to be accommodated and the 
convenient point of entry for them. 

It will obviously be desirable to keep the lowest point of 
any trench system above the level of the nearest main sewer, 
and preferably clear of danger of flooding from burst water 
pipes, holed tanks or burst reservoirs. 

Planning 

Fig. 165 shows diagrammatically a comparison between the 
various arrangements of trenches on plan. It will be seen that 
straight trenches are easily enfiladed with splinters in the event 
of one section of the trench being subject to a direct hit. The 
shaded portion of the trenches show the areas subject to the 
sphnters and the areas within the circles those subject to 
destruction by the explosion itself. The figure also shows a 
section of trench as officially recommended in Spain; the 
section, of course, is only suitable for trenches on dry sites 
with very firm ground, unless, of course, revetment of the 
trench sides is resorted to. 

A general arrangement of a trench protection system for a 
factory is shown in Fig. 162, and attention is directed to the 
following points:— 

I. The whole system is laid out bn a zigzag pattern, with 
the object of localising the effect of a direct hit on any part of 
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the system. There are a number of entrance ramps sited near 
the exits from the buildings served and offset from the entrance 
trenches with the same object in view. 

2. The exit ramps are as remote as possible from the 
entrances. 

3. The whole system is interconnected with communication 
trenches, thus affording free circulation through them and 
alternative means of exit. 

4. In each traverse there are shelter recesses and near 
entrances and exits, chambers with bunks where casualties 
may receive attention. 

5. At least one air-lock is provided at each entrance and 
exit, 10 ft. being allowed between gas blankets to allow for 
stretchers to be passed through. 

6. Chemical closets and trpugh urinals connected to soak- 
aways should be provided in recesses midway along each 
trench to ensure that no one wiU have to travel more than 
50 yards. 

Construction 

Alternative details of construction are given in Figs. 161 and 
163. In Fig. 161 A shows a trench recess suitable for one person 
for each i ft. 6 in. of length. This section is suitable for trenches 
cut in solid well-drained ground, but as in all other cases a 
lining of reinforced concrete would provide a more durable and 
cleaner trench. 

The trench is covered with strong timbers at close intervals 
supporting corrugated iron, which carries dry ballast heaped 
up to a circular section and having an average thickness of 
18 in. Over this a bursting course of 12 in. of good ballast 
concrete is formed to the arched section shown, and the work 
is finished by the addition of i ft. of earth finished as a rock 
garden. Such a section is only suitable on dry sites, and 
the bottom of the trench should be laid to a rapid fall 
towards entrance and exit, in order to take away any water 
which might seep through the land. The cost of this form of 
trench construction is given in the summary at the end of this 
chapter. Section B in Fig. 161 shows a method of constructing 
a trench where considerable quantities of unconverted timber 
are available, such as in a wood. Attention is directed to the 
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necessity of driving the vertical timbers well into the solid 
base of the trench, and also to the desirability of wedging in 
distance-pieces between them along the bottom. 

The arrangement will be clear from the illustration. 

The earth is returned to the top of the trench after building 
paper has been laid completely round the outside of the 
timbering. An improvement would be the use of a heap of 
ballast or rubble over the trench above the natural ground 
level to act as a bursting course. These trenches are very 
strong, but are not so durable nor fire-resistant as those lined 
with reinforced concrete or constructed with arched pressed- 
steel sections. 

Fig. i66 shows a method of construction of a recess for bunks 
in a trench system, using a combination of pre-cast and in situ 
reinforced concrete without the necessity of using temporary 
shuttering. 

Temporary Timbering 

There are three typical methods of strutting used for sup¬ 
porting the sides of excavated trenches, and these are shown 
in Fig. No. 167. 

The first shows a satisfactory arrangement of temporary 
timbering for use where the ground is very firm. The poling 
boards, 5 ft. long, are placed in position in pairs, one board 
on each side of the cutting. They are kept apart by 4 x 4 in. 
struts, or short ends of scaffold poles cut and driven tightly 
between the boards. 

The strutting is fixed as soon as the excavation is sufl&ciently 
deep and the poling boards are driven down as the work 
proceeds. In order to provide space for the men working in 
the trench, the minimum distance between sets of struts 
should not be less than 6 ft. 

Where the ground is not so firm, additional poling boards 
are required, and these are held in position by waling pieces, 
generally as shown top right on Fig. 167. The process of 
fixing is to work from one end of the excavation, employing the 
first described method until a sufficient length has been ex¬ 
cavated for the waling piece to be inserted and strutted up. 
After this the temporary strutting is removed and the lower 
depth of the excavation proceeded with. 
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When the earth is loose or soft, the method shown in the 
bottom left of Fig. 167 should be adopted. The method is to 
take out earth to a depth of 9 in., lay in and strut up a pair 
of sheeting boards, proceed with the next 9 in. depth, and so 
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on, until four sets of boards are in position and temporarily 
strutted. Short poling boards are then inserted, and when 
properly strutted the temporary struts are knocked out. 

When the sides of the excavation are made to a slight 
batter, timbers are less likely to fall should the earth become 
drained and contract. This method facilitates the fixing of the 
struts, and is most suitable where waterlogged ground has to 
be dealt with. 

As already pointed out, there are a number of patent systems 
for the permanent lining of trenches, but in all cases at least 
some of the temporary timbering cannot be recovered, and 
thus represents a permanent loss. Apart from this the cost of 
timbering is a very considerable item in the construction of 
trenches. 

Revetting 

The sides of all trenches should be revetted. One method 
is to use wooden frames with boarding, corrugated iron or any 
other suitable material behind. Where boarding is used, the 
trench should be excavated to a width lo in. wider than the 
finished section, and revetting should be done with i in. 
boarding, supported by 4 by 2 in. uprights. The uprights 
should be driven i ft. 6 in. into the ground at centres not 
exceeding 3 ft. and held apart at the head by 4 by 2 in. spreaders. 
Another method is to use strong corrugated iron or dovetail 
steel sheeting (galvanised), driven in so that the corrugations 
or flutes are vertical. Horizontal walings of timber are then 
required at the top and bottom, supported at intervals with 
timber posts and provided with timber spreaders top and 
bottom. In light sandy soils the revetment can be effected 
by the use of brushwood or expanded metal hurdles, held in 
place with strong stakes provided with spreaders top and 
bottom, the rear of the revetment being backed up with turfs. 

A type of all-metal dugout is now available, consisting of a 
metal lining to a trench with perforated floor over drainage 
channel and metal roof arranged for earth covering. 

£ s. d. 

Prices. Size A. 3-4 people . .-800 

„ B. 6-7 „ 


II 0 0 
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delivered. C.P.C. Metal Works, West End, Southampton. 

Undoubtedly the most satisfactory and permanent way of 
revetting trenches is by the use of in situ reinforced concrete 
or pre-cast reinforced concrete slabs. An excellent way of 
forming a covered trench is to excavate to some 6 in. below the 
finished depth, lay 2 in. ground concrete and erect thereon 
steel arched sections of galvanised corrugated iron or dovetail 
sheeting, over which the concrete walling and roof can be 
placed. The laying of an additional 4 in. of concrete at the 
bottom of the trench completes a clean hygienic interior and 
provides the necessary base spreader for the walls. 

Sand-baggii^ 

In the revetment of trenches sand-bagging plays an important 
part, and the following notes will be of interest:— 

The service pattern sand-bag is of jute and measures 33 by 
14 in. when empty. A bale of 250 weighs 96 lb., and sand-bags 
are available at -£1.0 8s. 6^^. per 1,000. 

Sand-bags should be three-quarters fiUed and the neck tied 
round with string provided for the purpose. 

The bag contains cub. ft. and should measure when laid 
20 by 10 by 5 in. 

It should always be laid with the mouth tucked under and 
the seam and the choke inside the work. 

The party for filling sand-bags should consist of three men ; 
two men hold and tie the bags while one man shovels the earth 
into them. 

Three men can fih forty-five bags in one hour, and for 
building two men working together can lay thirty sand-bags 
in one hour. The carrying party will depend upon the 
distance. 

In building a wall, alternate courses of headers and stretchers 
should be used, and care should be taken to break vertical 
joints (see Fig. 168). 

Grain sacks or bags which may be available can be sub¬ 
stituted for sand-bags. They usually contain 2 bushels 
(2J cub. ft.) of grain, so that if they are used instead of sand¬ 
bags they should not be more than half fiUed, otherwise they 
are too heavy to handle. 

It is not necessary to close up or tie a sack if the mouth is 
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carefully folded under it when it is being placed in position, 
as the weight of the sack will prevent loss of earth. 

As a rough guide to the number of sand-bags required, it 
may be mentioned that a sand-bag wall, 8 ft. high, constructed 
of Army pattern sand-bags in the manner indicated at li in 
Fig. i68 would require forty to fifty sand-bags per foot run. 

In revetment, if bags are filled with concrete and well 
punched into position, a very permanent construction will be 
made. 

Preservation of Sand-bags 

Under normal war conditions, sand-bags are not recjuired 
to remain in position for an indefinite period; sand-bagging 
of dugouts, parapets and buildings is undertaken at relatively 
short notice in response to the changing needs of a battle-action 
situation. 

It is conclusively established by tests that sand-bags in 
position :— 

(а) Begin to deteriorate within three to four weeks. 

(б) Completely disintegrate within four to five months 
according to position and condition. 

Sand-bags are made from jute hessian. Wherever jute 
HESSIAN is required and specified by the War Office for lasting 
use [i.e., wherever it is required for conditions other than those 
occurring in a normal battle zone where sand-bagging is 
temporary in location), it is required and specified by the War 
Office to be proofed by the cuprammonium process. All 
fabrics subjected to exposure, in use by the War Ofifice, 
Admiralty, Air Ministry, etc., are proofed. The cuprammonium 
(original " Willesden ”) proofing gives protection against rot, 
damp and mildew. 

In view of the fact that civil defence arrangements involve 
the use of sand-bags, which will remain in situ for an indefinite 
period before and during hostilities, it becomes apparent that:— 

(а) Buildings and emplacements may be committed to the 
insecure protection of sand-bags which will inevitably 
deteriorate to the point of complete disintegration inside four 
to five months, with a consequent dispersal of sand to an 
acutely dangerous extent. 

(б) The problem of entirely replacing sand-bag requirements 



TRENCHES 


349 


may have to be faced every six months whilst actually in situ, 
and the even more acute problems raised by the necessity of 
replacing sand, and of getting both labour and time for refilling 
operations, perhaps actually during hostilities. 

This serious situation can be, met in one of two ways :— 

{a) At once insisting upon rot-proofed sand-bags. 

{h) Sending existing sand-bag supplies to be proofed. 

Sand-bags can now be made permanently rot-proof and 
mildew-proof by the Willesden Paper and Canvas Works Ltd. 
under the “ Willesden ” cuprammonium process for under 
li. each, with discounts for large quantities handled at one 
time. 

A very important additional reason for having sand-bags 
rot-proofed has been disclosed by the war in Spain. In many 
cases machinery, anti-aircraft guns, etc., were protected by 
walls of sand-bags. These rotted in a month or two, and the 
sand was blown into the working parts of the guns and 
machinery. In many cases these were temporarily put out 
of action, and only brought back into operation after great 
expense and loss of valuable time. 

Storage of Sand-bags 

Sand-bags can be stored for considerable periods—say, up 
to twenty years, provided the following precautions are 
observed:— 

(i) The store must be absolutely dry. If damp is present, 
spontaneous combustion is likely to set in. 

(ii) The bales should, if possible, be piled on. grids a few 
inches above the floor, and there should be a free passage of 
air around the piles of bales. 

Alternatives to Sand-bags 

If sand-bags are not readily available, wooden boxes filled 
with earth will serve as well. 

Failing wooden boxes, an earthen rampart may be used. 

A portable sand-bag filling machine, weighing 70 lb. and 
provided with " wheelbarrow ” movement, is now available at 
£5 5s. from the Gas Proofing Co. Ltd., and it is shown in Fig.169, 
and by its use it is claimed that a squad of four men, filled, 
folded and laid 230 sand-bags per hour. This great saving of 
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time and labour will release men for other important work, 
and will be of great benefit in an emergency. 

Apart from this, the use of the machine in an emergency 
enables the sand-bags to be stored in the interim, thus avoiding 
deterioration and rapid destruction of protective works, due 
to rotting of the bags when filled. 

It may sometimes be found’that a squad of workers are not 
available for a sand-filling task, and to meet this contingency 



Fig, 169.—Sand-bag filling machine. 

A. Hopper, into which sand is shovelled by two men. B, Treadle, 
foot-operated by machine minder. When treadle is pressed down 
it operates a patent device in the hopper, which precipitates the 
sand into the bags. C, springs controlling the action of the 
treadle. D, retractable handles, which, when raised, automati¬ 
cally lock into position, ready for wlxeeling the filler away. 

E, shield preventing sand accumulating underneath the hopper. 

F, wheel, 12 in. in diameter with solid rubber tyre. G, empty 
sand-bags, H, dotted lines show how sand-hags are passed 
from the machine minder to man folding and laying. 


the author has devised an appliance, shown in Fig. 170, which 
can be purchased for 2s. 6<i. By its use one person can fill, 
fold and lay no less than forty sand-bags per hour. The opera¬ 
tion is to place the empty sand-bag round the ring—the top 
edge being hooked on to the tags provided. After filling, the 
sand-bag is lifted off, the end twisted and turned under and 
the bag placed in position. 

The Iron Sapper is a device by which one man can, unaided, 
fin 100 bags in one hour. Uniformity of shape of filled bags is 
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a special feature. Price 12s. (yd. each from Universal Air 
Defence Services, 91, Gower Street. 

Notes on Digging and Construction of Trenches 

For the purpose of calculating the amount of untrained 
civilian labour required in the execution of trench works, the 



Fig. 170.—Arrangement to enable one man to fill sand-bags unaided. 

figures given in the following table, being about half of the 
allowances made for trained militia, should be a safe guide. 

It is assumed that the work is already set out, that the work 
is carried out by day, and that the weather is favourable. 

The figures make no allowance for the use of sand-bag 
filling machines. 


TRENCHES 

Home Office Specification in Regard to Permanent Lining of Trenches 

Early in 1939 the Home Office issued a composite specification 
and bill of quantities for pre-cast concrete units in linings to 
trench shelter accommodation based upon Home Office 
designs. The specification calls for materials to comply with 
the British Standard Specification and concrete having a 
minimum strength requirement at twenty-eight days of 
2,500 lb. per sq. in. 
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The units are intended to be laid dry with the exception of 
the roof slabs; the section is shown as Type A on Fig. 171. 

In each alternate bay the uppermost roof slabs are intended 
to be buried on top of the lower slab in Portland cement and 
sand (i : 3) mortar. The joints between the roof slabs in the 
running length of the trench are intended to be grouted with 
similar mortar. 

The design is based on the assumption that the angle of 
repose of the ground is or exceeds 40 degrees above the hori¬ 
zontal, and the following are brief particulars of the units in 
one bay 3 ft. 3 in. run of trench lining. 

No. 2 post, sizes 6 by 6 in. overall and 6 ft. 3 in. long, rebated 
on both sides and reinforced with and including one in. 
diameter and two | in. diameter rods, and with ^ in. diameter 
rods in links at 2 in. and 6 in. pitch, including moulds. 

No. I beam, 5 ft. 2 in. long and 3 in. thick, shaped to each 
end on top and underside, and ii in. mean depth and with nib 
at bottom of beam each end, reinforced with and including 
two f in. diameter cranked rods hooked at ends and with A in. 
diameter rods as stirrups at 3 in. and 6 in. pitch, induing 
moulds. 

No. I ground beam, 5 ft. 2 in. long, size by 5 in. overall, 
twice rebated on top and reinforced with and including two 
J in. diameter cranked rods and four in. diameter rods 
hooked at ends, and with J in. diameter links at 3 in. and 6 in. 
pitch, including moulds. 

No. 3 floor slabs, 12 in. wide, 2 in. thick and 2 ft. 10 in. long, 
including fabric reinforcement composed of No. 9 I.W.G. 
wires at 3 in. centres and No. 12 I.W.G. wires at 12 in. 
centres. 

No. 4 roof slabs, 13I in. wide, 3 in. thick and 3 ft. 6 in. long, 
reinforced with and including fabric reinforcement as described 
for wall slabs, including moulds. 

No. 14 wall slabs, 12 in. wide, zj in. thick and 2 ft. iij in. 
long, reinforced with and including fabric reinforcement 
composed of No. 7 I.W.G. wires at 3 in. centres and No. 10 
I.W.G. wires at 12 in. centres, including moulds. 

Cost per bay of 3 ft. 3 in. run of lining, at site, £2 15s. 

Notwithstanding the fact that the Home Office have prepared 
a design published with their general specification, alternative 
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Table LXXXIX 

Summary 

‘ Inclusive Cost per yard run of Executing Trench Lining 
Complete, including Withdrawing Existing Timber 
AND Filling in Excavation Over 


Cost of pre-cast concrete units in lining, on site, including 
special castings for intersections and building emergency 
exits. . . . . . . . . . 2 14 

Cost of assembling units in trenches . . . . | 

Cost of grouting and bedding roof slabs in cement mortar, 
as described 

Cost of withdrawing existing timbers in trenches as is i 

necessary.. 

Cost of returning and filling earth over top of completed 
shelter ......... 


o* 


o 


£3 15 O 


* Note, The difference between the figure of £z 145. per yard run 
and the figure of £2 155. per bay of i yd. 3 in. (see above) is intended 
to cover the extra cost of intersections, dead ends and exits. 

designs may be submitted, provided they comply with the 
following general requirements :— 


Extract from General Specification Setting out 
‘Standards to be Fulfilled by any Design Submitted 

FOR Approval 

1. Trenches may be lined with concrete, or with steel, 
provided it is suitably treated to prevent rust and deterioration, 
or by means of a combination of these materials. 

2. The minimum width between the sides of the trench 
when lined shall be not less than 4 ft. 8 in. This does not apply 
to the width between the upright posts which may be less. 
The minimum height at any point in the centre of the trench 
shall be not less than 6 ft. 4 in. 

The cubic contents (air space) shall be not less than 31 cub. ft. 
per foot run. 

3. The framework and roof of the hning shall be of sufficient 
strength to carry a load of 400 lb. per sq. ft. The sides shall 
be capable of withstanding a thrust varying from 100 lb. per 
sq. ft. at the top to 250 lb. per sq. ft. at the base. Where the 
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angle of repose of the iriaterial is less than 40 degrees or there- ■ 
abouts above the horizontal, the sides shall be capable of 
withstanding correspondingly increased thrusts up to a maxi¬ 
mum of 200 lb. per sq. ft. at the top and a maximum of 400 lb. 
per sq. ft. at the base. 

Designs in reinforced concrete shall be based on the Code 
of Practice for Reinforced Concrete Structures, with the 
exception that the stresses therein laid down may be increased 
by a maximum of 25 per cent. 

Designs in steelwork shall be based on the British Standards 
Institution Specification for “ The Use of Structural Steel in 
Buildings," No. 449—1937, with the exception that the 
stresses therein laid down may be increased by a maximum of 
25 per cent. 

4. The upright members of this revetment shall rest on 
foundations or slabs in such a manner that the safe limiting 
pressure per square foot for the soil concerned is not exceeded. 
They should be firmly strutted apart, both at the top and at the 
bottom. Arch designs will only require strutting at the 
bottom. 

5. The joints in the roof of the trench shall be grouted or 
otherwise treated to render them reasonably waterproof. This 
is not essential in the case of the side members. 

'6. It is not essential that the floor should be completely 
covered with concrete or flagstones. It can be filled with shingle 
or other porous material. Where chnker or ashes are used 
for this purpose, they should be kept from contact with the 
fining if this is of steel. 

7. A ventilator should be fixed in each corner, or length of 
trench, in such a manner that it can be converted in wartime 
to form an emergency exit. A concrete or metal cover wdth a 
grid in the centre would be suitable for this purpose. 

Numerous alternative designs have been submitted to and 
approved by the Home Office, and twenty-five of these are 
illustrated herewith, a brief description of each being given 
below. 

The " Standard ” trench (minimum width 4 ft. 8 in.) is for ' 
two fines of seats, and the block trench, 7 ft. wide, is for three 
fines of seats. 

With the former arrangement, however, the aggregate wall 
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floor and ceiling surface per person accommodated works out 
normally to 19 sq. ft. against only 15 sq. ft. per person in the 
7 ft. tunnel shelter. This is greatly in favour of the narrower 
tunnel as the dissipation of heat from the interior is a function 
of the total surface, apart from which the smaller interior 
section minimises loads on roof and floor. The figures will, no 
doubt, be self-explanatory and the table of comparative costs 
of interest. 

The prices given in this table are believed to be accurate. 

Table XC 
Trench Linings 


ladex. 

Name. 

Approximate Costs 
per Yard Rfin. 

Units d/d. 
(25 miles.) 

Complete, 



£ 

s. 

d. 

£ 

.S‘. 

d. 

A. 

Home Office pattern 

2 

14 

0 

5 

0 

0 

B. 

Zinn pre-cast . 

2 

10 

0 

5 

10 

0 

C. 

Stent pre-cast block 

4 

5 

0 

« 

15 

0 

D. 

Mono pre-cast. 

2 

14 

0 

5 

xo 

0 

E. 

Stent pre-cast. 

3 

0 

0 

6 

xo 

0 

F. 

Trussed Concrete Steel Co. 

4 

5 

0 

10 

0 

0 

G. 

Rapid Flooring Co. . 

3 

2 

6 

6 

0 

0 

H. 

Trussed Concrete Steel Co. 

2 

18 

6 

5 

0 

0 

J. 

Self-centering in situ 

2 

7 

ot 

10 

0 

0 

K. 

Girling’s pre-cast arch 

2 

14 

0 

5 

14 

0 

L. 

Costain pre-cast rect. 

2 

18 

0 

7 

0 

0 

M. 

Trianco pre-cast rect. 

2 

5 

10 

5 

0 

0 

N. 

Pre-cast polygonal concrete 

6 

10 

0 

14 

0 

0 

0. 

Trocoll spun pipe . 

7 

17 

6 

14 

0 

0 

P. 

Costain sectional circular . 

6 

2 

0 

14 

0 

0 

Q. 

Trollope and Coil's Gothic 

7 

X 7 

6 

14 

0 

0 

E. 

Costain's locksheet steel . 

8 

0 

0 

14 

0 

0 

S. 

Westwood's steel trough . 

I 

10 

0 

5 

10 

0 

T. 

Nissen steel arch 

4 

4 

0 

8 

8 

0 

U. 

Steel vee interlocked 

3 

10 

0 

6 

10 

0 

V. 

Timber . • . . 


■ ■■ 


4 

5 

0 

w. 

C. & C.A. pre-cast . 

2 

18 

0 

5 

5 

0 

X. 

Costain’s pre-cast arched . 

3 

19 

0 

12 

10 

0 

Y. 

In situ concrete # 




5 

5 

0 

Z. 

Glover pre-cast 

2 

14 

0 

4 

18 

0 


Remarks. 


Standard wicltli, 4' S'''. 

Block system, 7' wide. 
Standard width, 4 8^, 

■* /o' " 

7 o'' 

Standard width, 4 8''. 
Standard width, 4 B". 


6 6" 
6 ' 6 " 
6 ' 8 " 


Steel arched, 7 .0". 
Steel root., 6' 0''. 

Steel arched, 8' 

14 G. steel arched, 
4' loi"', 

4' 6^-4' 8^ 
Garden type. 

7' 

4 S'' 

4' 8" 


Installing in excavated trenches, £x per yard run. 

Excavation, £1 12s. per yard run. 

* Includes excavation, construction and banking earth over, but not 
seating, lighting or ventilation, and refers to straight trench only to section 
illustrated. 

t All reinforcement. 
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but are only given as a general guide to the reader, and are not, 
of course, binding upon manufacturers. 

When the conditions of the ground are suitable, the in situ 
monolithic t3^e of reinforced concrete lining has superlative 
properties, but where the ground is bad, the caisson type, 
affording protection to the workmen during construction— 
without the use of temporary planking and strutting—^has 
much to commend it. 

Trench Linings 

Type A (Fig. 171;. This is the Home Office design and 
consists of some twenty-seven separate pre-cast units per 
yard run. 

Type B (Fig. 171) is made with pre-cast rigid cross frames 
erected at 3 ft. centres along the trench. 

Existing timbers are wedged off from them, thus permitting 
the safe withdrawal of the timber strutting. 

The timber sheeting is then removed and replaced by ribbed 
reinforced concrete side slabs. 

Pre-cast roof slabs and an in situ floor completes the lining. 

Type C (Fig. 171) is constructed of pre-cast interlocking 
flanged concrete plates bolted together. The illustration 
shows the “ Britannia ” 7 ft. trench. 

Type D (Fig. 171) is completely pre-cast with ribbed sections 
grouted at the joints. The units are i ft. 6 in. wide and are 
set to " break joint.” The floor slabs weigh 225 lb., side slabs 
250 lb. and roof slabs 225 lb. approximately. Posts and beams 
are used at intersections and special roof slabs at “ man-hole ” 
exits. 

Type E (Fig. 172) comprises the “ Britannia ” system for 
5 ft. trench hnings. 

Type F (Fig. 172) is made up of 4 in. pre-cast reinforced 
concrete walling units 15^ in. wide, 6 in. pre-cast roof units 
16 in. wide, 7 by 4 in. concrete struts at 5 ft. i in. centres and 
7 by'3 in. concrete walings at roof level. The whole set on a 
5 in. in situ concrete base recessed for the wall units. 

Type G (Fig. 172) is constructed of the well-known pre-cast 
interlocking “ bull-head rail ” sections made by the Rapid 
Flooring Co. They span from corner to corner and are grouted 
at the joints. 
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Fig. 172 .^Approved, trench lining systems in pre-cast reinforced 
concrete. 
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Type H (Fig. 172) is similar to Type F only with the narrower 
trench. The roof units are notched to set over the wall units 
and the struts and walings are not necessary. 

Type J (Fig. 173). This shows a form of in situ reinforced 
concrete shelter, as designed by the Expanded Metal Co. Ltd., 
using self-centering expanded metal. In the execution of this 
work it will be noticed that no heavy sections have to be 
handled and that temporary supports only are required. The 
ribbed,expanded metal can be delivered either flat or curved 
as required, and the work is speedy and economical in execution. 
The material acts as reinforcement and permanent centering 
to the walls and roof, and in the case of the approved 
rectangular section, which has side splays at the roof i ft. 6 in. 
deep and i ft. 2 in. wide, the thickness of the hning is 4 in., 
including a ^ in. thick rendering on the inside of the Ribmet. 
The ribs occur at about 5 in. centres and stiffen the expanded 
metal to such an extent that this only requires supporting at 
intervals of 2 ft. 6 in. during the concreting process. 

The Ribmet is extended from the floor level up both sides 
and over the soffit of the roof and the roof is reinforced with 
additional bar reinforcement in J in. diameter mild steel bars at 
12 in. centres. The ground concrete is 3 in. thick, thickened 
to 4 in. under the side walls and need not be reinforced except 
in the case of very bad ground, where upward pressures are to 
be expected. The concrete mix recommended is the ordinary 
1:2:4, and except in the case of very bad ground no external 
shuttering is required. 

Type K (Fig. 173). This shows pre-cast reinforced concrete 
trench linings made and supplied by Girling’s Ferro-Concrete 
Co. Ltd. The complete assembly consists of pre-cast reinforced 
concrete floor units, which are grouted between the ribs when 
fixed, and pre-cast reinforced concrete arched ribs of the 
section shown on the drawing bolted together at the crown. 
The approximate price for these units—delivered in ■ the 
Metropolis but not erected—^is 54s. per linear yard completed, 
32s. for each dead end and £4 12s. for emergency exit or 
ventilator to project 2 ft. above the top of the reinforced 
concrete shelter. 

Type L (Fig. 173) Concrete Trench Lining Units. These are, 
supplied by Richard Costain Ltd. and are erected on an in situ 
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Fig, 173.—^Various forms of trench, linings in reinforced concrete. 
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concrete floor. Both side slabs and roof slabs are thicker in 
the middle where the greatest bending stress is obtained. 
Wall and roof sections are 12 in. wide and with rebated edges, 
which are grouted up during erection, and each section is 
reinforced with three | in. diameter rods with two ^ in. diameter 
spacers. The price of the material per yard, comprising six 
wall sections and three roof sections, is £2 13s. 6 d. ex works. 

Type M (Fig. 173). This is a pre-cast reinforced concrete 
trench lining system sold by Trianco Ltd. It will be seen 
from the drawing that the wall units are erected on an in situ 
concrete floor, in which side channels have been formed to 
receive them. Both wall and roof units are 12 in. wide, and 
are butted together with a straight joint afterwards pointed 
up and grouted. 

The price of standard Trianco trench units for straight 
trenching consisting of six wall members and three roof 
members to i yard run works out at £2 8s. 3<^. and assembly 
for blank end £2 3s. complete. Three-way crossing and 
emergency exit consisting of— 


1 special lintol. No. i 

2 side slabs for exit. No. 3 

2 ff jj ff 10 • 

I end slab for exit. No. 9 
I inclined slab for exit. No. 18 
I top slab for exit. No. ii 

1 special roof member, No. 6 . 

^ ty tt yy yy T ' 

2 narrow roof members, No. 19 
5 standard wall members. No. 5 

1 filler piece. No. 16 

Four-way crossing consisting of— 

2 lintols. No. I . . . 

2 special roof members. No. 17 
4 standard roof members. No. 4 


£5 los. per 
^ complete 
assembly. 


] :^3 4S- per 

> complete 
J assembly. 


'Note .—^The above prices are for delivery within a radius of 
twenty-five miles of works, in full lorry loads, on good hard 
road adjoining site. 

Type N (Fig. 174) is a form of pre-cast sectional trench or 
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Fig. 174.—Pre-cast trench lining systems. 
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tunnel lining of very strong design. Its high cost renders its 
use in trenches prohibitive, but in tunnel work, where there 
may be little room for the assembly of the lining, the design is 
particularly suited. 

Type 0 (Fig. 174) comprises spun reinforced concrete pipe 
sections which with rebated joints form an exceptionally 
strong trench lining. (See also section on Pipe Shelters.) 

Type P (Fig. 174) is constructed of " Shockcrete ” segments, 
designed with a view to the economical construction of deep 
level bomb-proof shelters. 

It is made into a complete circular ring section and can be 
used at any depth. By means of the special asbestos cord 
jointing, the shelter can be kept water-tight unless there is 
excessive external water pressure. 

Type Q (Fig. 174). These are pre-cast arched section hnings 
with specially thickened bearing joint at the crown embodying 
a method of bolting the sections together. 

Steel Trench Linings 

Fig. 175 shows four typical steel trench linings which; with 
suitable protection with bituminous coverings, will be found 
permanent in use and easy to erect. 

Type R. This is Costain’s locksheet steel lining, also 
illustrated in Fig. 184 and described in detail on pp. 378 and 380. 

Type S. This is constructed of Joseph Westwood & Co.'s 
steel troughing pressed out on | in. thickness metal erected 
as indicated with the steel clips at the bearings of the roof 
troughing. 

A selection of available sections is given in Table LXXX. 

Westwood curved trough sheeting was used during the 
Great War in the construction of the " baby elephant ” 
shelters. With angle bearings at the base and a steel joist 
at the crown, semi-circular or “ Gothic ’’-arched sections can 
be erected with equal facility (see also p. 321). 

Type T is the well-known Nissen form of shelter in galvanised 
corrugated iron protected with a bituminous coating or 
covered in concrete. 

As permanent shuttering to heavy arched concrete shelters 
it is ideal. 

Type U. This shows the vee type interlocking shelter. Each 
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section of a vee type interlocked A.R.P. shelter is hot-dipped 
in bitumen at the factory, and it is claimed that this ensures 
from fifteen to twenty years’ life for the shelter under normal 
conditions when the sheeting is covered with ordinary earth. 

A special feature of the design is that no bolts or rivets are 
used in its manufacture or erection. Every sheet or section is 
interlocked, thus making the connection between the various 
members a flexible one providing a strong connection at the 
joints. It is claimed that the flexibility of this particular 



SECTION OF TREHCM LfNfO 
WITH TIMBER 

Fig. 176.—V-type trench, lined with timber. 

shelter renders it especially capable of withstanding all shocks 
due to uneven loading caused by bombing in the vicinity. 

The normal accommodation is three persons per yard run 
for the shelter as illustrated. In the case of ventilated shelters 
the capacity can be increased to four per yard run. 

Prices per yard run of vee type interlocked shelters for 
trench linings or shelters are given below for various sizes of 
shelters and gauges of steel sheets. 

16 gauge sheets. 14 gauge sheets 

4 ft. 10^ in. wide X 6 ft. io|- in. high . £:i o o ^£3100 

7 ft. wide X 6 ft. 9 in. high. . -£ 37 ^ £400 
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A shelter 7 ft. by 6 ft. 9 in. by 27 ft. long is assumed to hold 
fifty-two people. The cost of the rear 3 ft. section, complete 
with gable end, emergency exit with water-sealed steel cover, 
steel ladder, together with the front gable and steel door, is 
£23 los. The total cost of a shelter 27 ft. long using 14 gauge 
sheets will be ^^55 los. On a similar basis the cost of a shelter 
4 ft. loj in. by 6 ft. io| in. by 27 ft. using 14 gauge sheets 
will be £49 los. Without gas-tight entrance and exit steel 
door and ladder, the total cost for the shelter using 16 gauge 
sheets can be reduced to £42 los. for the 7 ft. by 27 ft. and 
for the 4 ft. 10^ in. by 27 ft. shelter. 

Type V (Fig. 176) is constructed in timber, using in. 
boarding on 6 by 4 in. frames at 3 ft. c/c. 

Note the 4 by 4 in. creosoted sleepers laid on ashes and 
supporting the creosoted “ duck ” board floor. 

The exterior surface of the lining should be creosoted and 
the interior of the trench lining fire-proofed with paint or 
other approved treatment. 

The tapered section of the trench is important, as otherwise 
the timbering might come loose in very dry weather. 

lype W (Figs. 177 and 178). This is in pre-cast reinforced 
concrete construction fully described on p. 338. 

Type X (Fig. 179). This shows Costain’s pre-cast arch 
section shelter, 7 ft. wide, 6 ft. 6 in. high. Each section is 
12 in. wide and has a i in. rebated joint on each edge. The 
reinforcement consists of two | in. bars per section on each 
face. 

The sections are bedded on an in situ concrete base and are 
grouted together. 

Type Y (Fig. 180) shows typical section of in situ concrete 
trench lining, complying with the Home Office A.R.P. Depart¬ 
ment’s specification for the permanent lining of trenches. 
Temporary timbering to the excavation will usually be required 
in the execution of work to this form of construction. The 
approximate quantities are given on the illustration. 

'Ilie intention is that the existing poling boards should be 
left in place, and that they should act as the external shuttering. 
Where the width of the trench between, existing poling boards 
is less than 5 ft. 5 in., the poling boards will have to be taken 
down in sections from one side, and replaced after the trench 
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Fig. iSo .—Tn situ reinforced concrete trench lining giving strong 
monolithic shelter. 
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has been widened the requisite amount. It is suggested that 
where site conditions are particularly difficult the simplest 
course may be to remove all existing timbering and fallen 
earth from the trench, and concrete in short lengths. In this 
case external shuttering would, of course, be required ; metal 
shuttering has been devised for this purpose as weU. as for 
internal shuttering. 

It is probable that a saving in cost could be effected by the 
use of special t5rpes of metal shuttering which lend themselves 
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Fig. i8i, —Sketch showing method of sinking the Glover rigid frame trench 
linings without temporary timbering. 


particularly to the construction of continuous sections, such 
as trench linings, where the work is repetitive. An alternative 
which would make for economy is the use of standardised 
sections of timber shuttering in conjunction with one of the 
various types of clamps, clips, etc., which are on the market. 

The calculations for the t3ipe design were based on the 
" Theorem of Three Moments ” and on the stresses defined in 
the " Code of Practice for Reinforced Concrete ”; it should 
be noted that the Home Office specification permits stresses 
25 per cent, greater than the latter. 
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Fig. 182.— ConstoiGtional detail of the Glover rigid hrame trench lining system. 
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Type Z (Figs. 181-183). A rigid frame system sunk into 
position as the excavation proceeds. 

The use of this form of pre-cast trench lining affords protec¬ 
tion during excavation without the use of temporary timbering. 

The design is based upon the latest Home Office require¬ 
ments and is economical in cost and speedy in execution. 

The principle is specially suitable where the ground is of 
loose or treacherous nature. 

The units can be used for the lining of constructed trenches, 
and by wedging on to the pre-cast frames safety can be assured 
during the recovery of temporary timbering. 

The method of construction is indicated on the sketch 
reproduced in Fig. 181. The trench is dug to the maximum 
depth to which it can be safely carried without timber supports. 
The frames are then up-ended and the side slabs placed in 
position, being held together temporarily with wire scaffold 
bonds. The excavation then proceeds within the safety of 
the protection of the permanent lining until the units are 
sunk to the correct depth, when the dowels are inserted in the 
bottom of the frame and the foundation concrete placed. 

Construction of the floor and roof then proceeds, and the 
excavated material banked over the shelter affords, in con¬ 
junction with the pre-cast units. Class 5 protection. 

The roof is designed for a super load of 400 lb. per sq. ft.. 

Table XCI 

Trench Lining Units, Delivered Free in London Area 

Prices 


Reinforced concrete frames ...... 

Side walling slabs, per run of trench, one complete set of 
slabs ......... 

End slabs as above described, per set of three slabs, 5' wide 
and 7' 9" high ........ 

If desired, pre-cast reinforced roof sections, s'' thick, per set 
for one bay 5' X 3' 2'', including 2" for side rebates 
Entrance door frames ....... 

Pre-cast entrance, stairs and walling complete, per set 
Should these be supplied without treads, there would be a 
reduction in price of. 


In In British 
Ciment Portland 
Fondu. Cement. 


22/6 

18/5 

41/10 

35/9 

41/10 

35/9 

23/8 

19/3 

16/6 

13/3 

107/10 

92/5 

15/6 

12/- 
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the side slabs for 250 lb. per sq. ft. at the bottom and 100 lb. 
per sq. ft. at the top. 

The units are supplied by Universal Floors Ltd., 91 Gower 
Street. 


LOCKSHEET GALLERY SHELTERS 

Where large numbers of workers or children, for example, 
have to be provided for, there are obviously enormous advan¬ 
tages of cost in a well-thought-out trench system which, 
combined with steel lining, overhead sand-bagging and gas 
masks, will give protection against everything save direct hits. 
Careful attention to ventilation and the layout of the trendies 
in relation to prevailing winds will greatly minimise the risk 
of the penetration of heavy gases into the steel-lined 
excavation. 

Steel lining frequently consists of locksheet steel sections 
which curve upwards and lock in the form of an arch, thus 
making the shelter capable of withstanding high pressure. 
A special property of locksheet steel is its copper content, 
which greatly increases its durability, and ensures the per¬ 
manence of a shelter which might otherwise be subject to rapid 
deterioration. The average gallery shelter is 7 ft. 6 in. in 
height and 7 ft. in width, the length varying according to 
requirements. 

Gallery shelters range from the small type for family use to 
those accommodating large numbers of people. The latter 
should, in order to localise the effect of explosions, be planned 
as a series of refuges, with chambers leading off them, instead 
of the continuous tunnel type. 

Fig. 184 shows various arrangements. A shows the section 
of the interlocking curved steel sheets, and B-F inclusive, 
various sections of shelters. 

The last-mentioned detail shows a shelter accommodated in 
an area in front of a building and made splinter-proof by the 
covering of earth and rubble. 

If the bulling contains heavy cornices and other projections 
it would be better to cover the shelter with concrete. 

The locksheet lining consists of 14 S.W.G. copper alloy steel 
sheets, bent at the ends to form an interlock and curved in 
section in the form of an arch. 



ALTERNATIVE SECTIONS OF LOCKSHEET STEEL SHELTERS 


Fig. 184.—Costain's locksheet steel shelters. A, enlarged section of 
locksheet steel; B, constructed in deep trench and covered 
with concrete, earth and rubble; C, constructed in deep trench 
and covered with earth and rubble ; D and E, partly under¬ 
ground, and F, in area of building. 
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It is made in two sizes ;— 

(a) 7 ft. 0 in. wide x 7 ft. 6 in. high. 

{b) 13 ft. 0 in. wide x 9 ft. 0 in. high, 
in standard lengths of 2 ft. 3 in. Hence shelters may be made 
of any length in multiples of 2 ft. 3 in. 

Shelters may be erected ;— 

(a) In trenches completely under ground. 

(b) In trenches half under ground. 

(c) On the ground where there is water in the subsoil. 

(d) In existing areas or cellars. 

(e) In tunnels under existing buildings where space is limited. 

No bolts or clips are required and erection is easily done by 

unskilled labour without plant or tools. The bottom of the 
Locksheet lining sits in a 7 x 3 in. channel and the top on 
a 7 X 3 in. R.S. joist. 

The bending of the edges and the curving of the sheets gives 
the lining high crushing strength. 

The lining is easily transported and handled, and ade(|uate 
headroom is provided, namely 7 ft. 6 in. 

The copper alloy ensures resistance to corrosion. 

In an open-ended shelter without an airlock, but with two 
lavatories, allowing 6 sq. ft. per person as recommended by the 
Home Office, fifty people can be accommodated in a shelter 
51 ft. 9 in. long. Allowing 3J sq. ft. per person, fifty people 
can be accommodated in a shelter 31 ft. 6 in. long. 

In a closed shelter with an airlock, two lavatories and an air 
filtration plant, fifty people can be accommodated in a shelter 
60 ft. 9 in. long. 

In a closed shelter without an air-filtration plant, 3 ft. run, 
are required per person, equivalent to 75 sq. ft. of total surface 
area which is the figure recommended by the Home Office. 

As a guide in calculating, 0-92 of a running foot is required 
per person for an open-entrance shelter, to give each occupant 
6 sq. ft. of floor space and 0‘45 running foot to give each 
occupant 3J sq. ft. of floor space—the Home Office minimum. 
For the larger 13 ft. 0 in. lining these figures should be halved. 

The present prices are 

£5 15s. per 2 ft. 3 in. section for the 7 ft x 7 ft. 6 in. lining, 
and £10 6s. ^d. per length for the 13 ft. X 9 ft. lining all 
including R.S.J. and steel channels ex works. 



CHAPTER X 
COMMUNAL SHELTERS 

The private shelter has been dealt with in Chapter VIII, 
but gas- and splinter-proof shelters in factories and business 
premises for communal use will now be considered. 

On April 25th, 1939, the Home Office issued a code and a 
revised one in Aug. 1939 giving regulations for all industrial 
shelters, including basements and trench linings, which, under 
the new Act, have to b^ provided by all concerns employing 
fifty or more persons. Shelters must be designed in accord¬ 
ance with this code, the main points of which may be briefly 
summarised as follows :— 

1. A shelter should not ordinarily be for more than fifty 
persons unless provided with traverses or right-angle bends 
as in trenches. 

2. The minimum area necessary for trench shelters, and 
what is termed the " tunnel” form of shelter, is 375 sq. ft. 
of floor per person (which area includes that required for two 
closets), but for all other shelters it is 6 sq. ft. per person. 

3. There must be one emergency exit to each fifty persons. 

4. The minimum height is 6 ft. 6 in. 

Table XCtl 


Load in lb. per sq. ft. 
on Roof Wall 



1 At Base. 

At Top. 

(i) Standard Home Office Minimum for all public 
shelters where the shelter is entirely below 
ground level for soils having an angle of 
repose of 40 degrees or more (the usual case) 

400 

250 

150 

(ii) Heavy Home Office Maximum loading for poor 
soils where the shelter does not exceed 9' 
below ground level . . . . 

400 

400 

200 
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5. Loading standards are not laid down for industrial 
shelters, but they must meet the reasonable rec|uircments of 
the special factory inspectors or regional technical officers. It 
is obvious that if a shelter is approved by the Home Office 
for public use, it is acceptable for factory use. 

6. Table XCII gives the Home Office standard loadings 
to which shelters should be designed with a factor of safety of 
three on code stresses : 

Other Shelters 

Official regulations governing the construction of .shelters 
giving Class 5 protection and of a design other than of tlie 
tunnel or trench type include, inter alia, the following 

For other shelters wholly or partly below ground level there 
shall be;— 

Not less than 6 sq. ft. of floor area for every person in the 
shelter ; 

Not less than 50 cub. ft. capacity for every person in tlie 
shelter; 

Not less than 25 sq. ft. of surface area of walls, floor and 
roof for every person in the shelter. 

(See also revised code. Chapter XII.) 

Limits to Number of Persons and Separation of Shelters 

In order to minimise the number of casualties likely to 
result from a direct hit, shelters should not be closer than 25 ft. 
in any direction, and 40 to 50 ft. spacing is preferable where 
conditions permit. 

Where, owing to restriction of the site available, it is necessary 
to accommodate parties of more than fifty persons, as in. large 
basements, strong dividing walls should be provided between 
the parties. The maximum number in a party must he limited 
to 200, and the dividing walls should be provided under expert 
advice. As a working rule, the dividing walls should be not 
less in thickness than twice the thickness of the floor over the 
shelter if made in reinforced concrete, not less than three times 
the thickness of the floor over the shelter if made in brickwork 
or masonry. In no case may the dividing walls be less than. 
12 in. thick in reinforced concrete, nor less than 13J in. thick 
in brickwork or masonry. 



COMMUNAL SHELTERS 


383 


It is essential that the dividing walls be much stronger than 
other parts of the shelter to ensure that in the unhappy event 
of a direct hit on one side of it relief for the forces of the 
explosion are found through the roof or side other than the 
division itself. 

At the behest of the Lord Privy Seal an international 
competition was recently held by the A.R.P. Institute for the 
design of a fifty-person shelter to be constructed on ground in 
which the standing water level was 2 ft. below the surface. 

The conditions included stipulations that the sides be 
capable of resisting splinters in accordance with Appendix D 
in the Home Office Handbook No. 6, and be capable of carrying 
the roof and roof loads with earth pressures if any. The roof 
was to be capable of resisting light incendiary bombs, and, if 
at a slope of less than 30 degrees to the horizontal, the thickness 
could be taken at not less than half that for the sides determined 
as above. 

The roof was specified to carry a vertical superimposed load 
of 200 lb. per sq. ft. The shelter had to be designed for fifty 
persons with the following minimum requirements per 
person :— 

{a) Six sq. ft. of floor area if walls are vertical, and if walls 
not vertical equivalent accommodation to be provided. 

{b) Twenty-five sq. ft. of combined floor, ceiling- and wall 
area. 

(c) Fifty cub. ft. of air content. 

Provision had to be made for some form of natural cross- 

n tilation, but artificial ventilation was not required. 

The assessors awarded the premium for a design in monolithic 

inforced concrete octagonal in plan and with a fiat roof, as 
in their judgment it complied more closely to the conditions 
of the competition than any other submitted, with particular 
reference to the fact that its cost was the lowest of the twelve 
selected for final detailed consideration. 

A close runner-up was a square plan in reinforced concrete 
with a dividing wall supporting the roof, the competitor haying 
secured the advantages of pre-cast units without entirely 
sacrificing the advantages of continuity of reinforcement. 
Circular p lans were commended, but ruled out on considerations 
of cost. 
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Ventilation 

In the case of public or other collective shelter accommoda¬ 
tion mechanical ventilation will be necessary. The ventilating 
system should be capable of delivering a minimum of 150 cub. ft. 
of filtered fresh air per person per hour, and should be a "pro¬ 
tected ” input system in which the following provisions should 
be made:— 

1. Air intake at sufficient height (not less than 30 ft. above 
street level or 10 ft. above any adjacent roof level), whichever 
is the higher, to reduce the volume of gas drawn in. Duplicate 
inlet shafts will give additional protection. 

2. Air intake shaft, right up to the fan, of such construction 
as to be immune from damage by blast, small bombs and 
splinters. This shaft should be provided with some form of 
pressure relief to prevent damage to the fan by blast. 

3. Ventilating plant adequately protected from damage by 
direct hits of small bombs and splinters, and situated preferably 
in the basement of the building, or in that portion of the build¬ 
ing which affords the greatest protection against damage by 
blast, splinters, etc. 

The ventilating plant should be manually operated where it 
is possible to obtain the requisite power by this means. Where 
the power required is too great for manual operation petrol 
engine fan drives should be installed in a separate compartment 
with the exhaust pipe taken to the outside air and protected 
against damage by blast, splinters and small bombs. The use 
of electric motive power is not recommended owing to the risk 
of failure of the public supply. 

4. Suitable officially certified gas and dust filter fitted on a 
by-pass in the discharge side of the fan, and easily replaceable. 

5. The filtered air should be admitted at high level and at 
sufficiently high speed to ensure an induced air circulation in 
the shelter accommodation itself. 

6. Suitable non-return outlets at low level for vitiated air: 
these outlets should also be protected from damage by bombs 
and splinters. 

7. A special bin should be provided for the storage of used 
gas-filter canisters. 

N.B .—Under all circumstances, exhaust ventilating systems 
should be shut down. 
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Heating 

In the case of public or collective shelters holding up to fifty 
people, heating will not normally be necessary. 

Where it is provided it should be by means of electrically 
heated apparatus, a supply being taken from the power mains— 
the risk of the supply being cut off being accepted. It is 
undesirable to use methods of heating or lighting which consume 
oxygen or discharge fumes. 

Equipment of Shelters 

Shelter accommodation should be equipped with the 
following apparatus :— 

1. Dry or chemical closets where ordinary sanitary accommo¬ 
dation is not available. These should preferably be placed in 
ventilated accommodation off the main shelter. 

Two systems of chemical sewage disposal are described on 
pp. 167 and 169. 

2. A storage tank for drinking water. 

3. A self-contained wireless set. 

4. Controls for electrical apparatus used for ventilating or 

lighting the shelter. lid 

5. Fire extinguishers. 

Containers should be placed in 

all " air-locks ” forming the ante¬ 
room to air-raid shelters to receive 
the outer garments of gas cases. 

It is also of vital importance 
to safeguard foodstuffs from the 
effects of gas, and for this purpose 
gas-tight containers are necessary. 

The “ Solent ” container is com¬ 
pletely gas- and odour-proof. No 
rubber, felt or other organic seal¬ 
ing material is employed and the 
method of closing is entirely in¬ 
dependent of levers or bolts, so 
that maintenance is unnecessary. 

It wiU be seen from the illustra¬ 
tion (Fig. 185) that the top of the container is provided with a 
double rim to take the sealing fluid, e.g., water. The lid has a 



Fig. 185.—Showing type of 
water seal used in gas-tight 
containers—exit manholes, 

etc. made by the Solent 
Engineering Co. 
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lip which enters tlie water and completely seals the container 
against gas and odour. 

The containers are galvanised inside and out as protection 
against corrosion. 

Provision of Shelter Accommodation for Factory Workers 

The warning period of an air raid is not likely to be more 
than seven minutes, so it is undesirable to disperse workers to 
their homes on receipt of a warning, if they cannot reach their 
homes within this short period. 

It will therefore be necessary to provide shelter protection 
for the majority of workers in or around the factory buildings. 

The form that this protection should take must vary accord¬ 
ing to the type of factory and the local conditions prevailing. 

Where there is open ground adjoining the factory, protection 
can be provided in the form of trenches, and a system of 
trenches to accommodate large numbers of workers is described 
on pp. 334 et seq. 

Access to Shelters 

Whatever type of shelter be adopted, access to it, both at 
night and in daytime, should be such as to allow of all persons 
reaching their allotted places within five minutes of an alarm 
being given. 

Exits 

All shelters must have two entrances as remote as possible 
from each other and at least one of them must lead to the 
open air. AU entrances must have adequate lateral protection. 

Sanitary Accommodation 

One closet seat should be provided for each twenty-five 
persons "with subsidiary buckets and urinal facilities. 

Siting of Shelters 

Shelters should be below or on the ground; and only under 
expert advice should industrialists place their shelters on 
upper floors. 

Fig. i 86 shows siting as recommended in the code, but each 
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Fig. 186.—^The siting of industrial shelters. 

Courtesy The Builder.' 
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group of buildings must be considered separately, there being 
no hard and fast rules to apply in all cases. 



The approved methods for the protection of personnel may 
be summarised as below;— 

A. The provision of isolated shelters exterior to the buildings, 
as in 
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1. Blockhouse shelters. 

2. Covered trenches, 
or 3. Tunnel shelters. 

B. The provision of shelters within the buildings. 

(i) Trenches or tunnels under lowest floor. 

(ii) Strengthened basements. 

(iii) Strengthened ground floor rooms. 

(iv) Specially built shelters within or adjoining the 

existing buildings. 



Fig. 188.—Showing planning of trenches adjoining factory to allow 
of future extension of the premises. 


C. Special shelters for key personnel. 
a Key men tending vital plant. 
h A.R.P. personnel. 

A. Isolated Shelters Exterior to Buildings 
They should be near the usual place of occupation of the 
personnel for whom they are intended. 
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They should be a safe distance from tall buildings—chimneys, 
water towers, etc.—usually half the height distant. 

They should preferably be on high well-drained ground. 

Trenches arranged as shown in Fig. 187 can be constructed 
to accommodate as many as 1,200 persons to the acre. 

An independent arrangement of trench shelters each to 
accommodate fifty persons and arranged so that the shelters 
are spaced at least 25 ft. apart in any direction is shown in 
Fig- 133 - 

When constructing trench shelters in the open adjoining a 
factory, the possible extension of the buildings must not be 
overlooked and the trenches planned to accommodate it 
generally as indicated in Fig. 188. See also section on Tunnel 
Shelters. 

B. Shelters Within Buildings 

It is evident that situations at which there are unavoidable 
sources of danger should not be chosen for the accommodation 
of shelters, but Figs. 189 and 190 show suggestions for the 
provision of shelters within buildings of various types. 

The general requirements are as below :— 

(a) In cases where services passing through or near shelters 
constitute a potential source of danger, the hazardous services 
should be diverted. 

(b) Openings of emergency exits should be outside buildings 
and as far from them as possible in order to reduce risk of 
blocking. The distance should be at least half the height of 
the building, or additional emergency exits will need to be 
constructed. 

(c) There must be at least one emergency exit in addition 
to the normal entrances to each party of 200 persons. 

(d) All doors to entrances and exits should open inwards. 

(e) A selection of tools—^shovel, pick and crowbars—should 
be kept in each shelter, so that, if necessary, occupants can 
dig their way out. 

(/) The provision of an approved form of emergency 
lighting in shelters is obligatory. 

(g) The widths of entrances should be calculated on the 
basis of 1 ft. for each fifty persons. Minimum 2 ft. 6 in. 

(h) Shelters need not be gas-proof, but must be so con- 
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structed as to be capable of being made gas-proof quickly in 
an emergency. 




PLAN* tl— MH. 

Fig. 189.—Suggestions for the provision of shelters in single-storey 
factory buildings. 

C. Special Shelters for Key Personnel 

I. Shelters for fire squads, demolition parties, control 
centres, etc., can be constructed on the principles already- 
discussed for the family type of shelter. 
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Fig. 191.—Showing alternative designs for individual protected look¬ 
out posts. 












FiCx. 193.— ^Typc of heavy pressed steel portable shelter providing 
shelter for key personnel unable to leave their posts—Solent 
Engineering Company. 
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purposes. 
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2. Shelters for fire watchers, lookout posts, etc., may be 
constructed in a variety of ways. 

Figs. 191 and 192 show nine alternative designs. Nos. i, 2 and 
3 refer to brick-built posts arranged against the walls of the 
factory with a steel plate roof and sand-bagged protection. 
They, are suitable for three men and the estimated cost works 
out to £2^ each post. 

Illustrations 4 and 5 show reinforced concrete free standing 
shelters having steel doors and embrasures on three sides. 
They are suitable for peace-time use as stores for paint or 
similar inflammable material, and in war-time can be occupied 
at short notice, additional protection being secured on the 
outside by the use of sand-bagging. 

The estimated cost of each of these shelters, finished in 
" CuUamix ” Scrapecrete rendering, is £40 each. 

Illustration No. 6, Fig. 192, shows the Consol portable 
shelter. 

A type of two-or-four-man portable shelter which may be 
stored at a convenient point and ihoved to the " active station ” 
at very short notice is illustrated in Fig. 193. 

It consists of a steel " strong-point ” adequate to resist 
blast, splinter and bullet risk or a direct hit of an incendiary 
bomb, yet it is light enough to be transported on a lorry or 
railway truck without difficulty. 

The conical steel chamber is provided with an entrance door, 
emergency exit, seating accommodation, observation openings 
giving an adequate field of vision and lifting attachments. 
The lower edge of the door opening is raised above ground level 
to prevent the ingress of heavy gases. 

The structure is anchored to the ground or floor by i|-in. 
foundation bolts passing through holes in the base or anchor 
plates outside. 

A strong eye at the apex facilitates transport and erection 
by crane or block and tackle. 

The weight per unit is approximately 16 cwt. for the four-man 
shelter and 12 cwt. for the two-man shelter. The costs being 
and £57 los. each respectively. 

Illustration No. 7 shows a type of shelter which can be 
constructed at a cost not exceeding £2$, whilst illustrations 8 
and 9 show a similar type constructed with corrugated iron. 
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sand-bags and steel plates. If the outside layer of sand-bags 
be filled with concrete, the durability of the whole arrangement 
will be much improved. 

The cost of this type of protective post is approximately £ 25 - 


Factories with Multi-storey Buildings 

If basements exist, these should first be considered, special 
attention being paid to :— 

{a) Strength of ground floor. 

(b) Safeguarding against flooding. 

(c) Protection of windows, if any. 

(i) Protection against gas. 

{e) The number of persons the basements will hold. 

If very heavy machinery is situated on the floors above, the 
basement should not be used as a shelter. 

The basement will probably not take all the workers, 
bearing in mind the rules for ventilation and the principle of 
dispersion. 

The remainder of the operatives can usually be accommo¬ 
dated in one or more of the following ways :— 

{a] In trenches, or in shelters above ground where open 
ground exists. 

(6) On the ground floor of the building if it can be protected 
against splinters and gas. 

(c) Staircases often make good vertical shelters. 

(d) On the upper floors of the building, the previous recom¬ 
mendation as to the height of the floor, and the number of 
floors over it being considered on the principles already 
described. 

(e) Lean-to shelters built of splinter-proof material against 
boundary walls, factory building walls, etc. 

(/) Many small subsidiary buildings are often capable of 
being converted into shelter accommodation. 

(g) Small shelters can often be built above ground in odd 
comers of the works. See Fig. 186. 

(A) Workers who live near by may be dispersed to their 
homes. 

(i) Adjoining factories may have better facilities, and may 
be able to help their neighbours. 
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Factories consisting of One-storey Buildings with Roofs of Light 
Construction, usually mostly of Glass 

This is the most common type of factory building, and it 
should be vacated in an air raid, as it gives no protection at all. 

If open ground exists, trenches or above-ground shelters are 
recommended. 

If there is no open ground, lean-to shelters can be built 
against existing walls. 

If floor space can be sacrificed, shelters may be erected inside 
the buildings, or built as lean-to shelter's against the walls on 
the inside. 

Some workers may be dispersed to their homes, and it is 
often possible to erect small shelters in odd corners of the works, 
to make use of small subsidiary buildings, or to get help from 
adjoining factories. 

Protection of Personnel Generally 

It must be realised that some factories have much better 
facilities for protection than others, but if each factory is 
carefully examined, it will usually be possible to find some form 
of protection for the operatives on the above-mentioned lines. 
In this connection it should be borne in mind that protection 
of a low order is better than no protection at all. 

Protection for A.R.P, Services in Factories 

The various small parties who will have to remain on duty 
during an air raid will require local protection apart from the 
general shelter accommodation. This should take the form of 
small shelters to take the requisite number of persons, con¬ 
structed in the comers of buildings, or other advantageous 
localities, at the places where these parties are to be stationed. 

Respirators will give gas protection for these parties, but 
it is advisable to give them overhead protection against any 
dSbris which may fall on to the shelter. 

Structural Protection of Factory Buildings 

Generally speaking, the wholesale structural protection for 
the main buildings of factories is out of the question. Special 
key points, such as power houses, electric sub-stations, pumping 
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stations, telephone rooms, etc., the maintenance of wiiicll is of 
vital importance, should, however, be considered. 

Such points can usually be protected against blast and 
splinters, and where the existing roof is vulnerable to the light 
incendiary bomb it is often possible to provide local protection 
within the building which will prevent such bombs from actually 
falling on to important machinery, etc. 

Certain buildings, or parts of buildings, can often be protected 
against splinters and gas for use as shelters for personnel, and 
such provision will, of course, provide protection to the part 
so treated. In general the protection of the buildings and 
plant cannot be achieved by structural, or improvised structural 
methods, but can be best provided by the various A.R.P. 
Services, such as the fire-fighting parties as described in A.R.P. 
Handbook No. 6. 


Provision of Shelter Accommodation in Multi-Storey Buildings 

Fig. 194 shows various arrangements of basement shelters 
as recommended in the Code issued under the Civil Defence 
Act. Attention is directed to the means of entry to and 
exit from the shelters provided and also to the fact that in 
the t3rpical example of a large basement used for shelter 
accommodation the basement under the pavement light is not 
utilised for shelter purposes. Such pavement lights are a 
source of danger and normally require strutting up and cover¬ 
ing with sandbags to deal with demolition loads. 

Fig. 195 shows suggestions for shelters in a typical mill 
building which having load-bearing masonry walls and timber 
floors on beams carried on interior cast-iron columns would 
be unable to withstand serious shock and would be in danger 
of complete collapse if hit by a bomb. Experience has shown 
that blast alone may cause considerable damage to such 
buildings and the earth tremors which accompany nearby 
bomb explosions have been known to displace supporting 
columns to such an extent that demolition of the building 
results. The best form of shelter within such a building where 
soil and foundation conditions permit would probably be in 
the form of a tunnel type of shelter as shown at " D '' in the 
figure. Such a tunnel should be continuous throughout the 
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length of the building with exits at both ends preferably leading 
to the open air. The roofed-in type of shelter shown at “ B ” 
in the figure would need to be strengthened to resist the very 
heavy demolition loads which are to be expected under a 
building of this type. 



Fig. 195.—Suggestions for shelters in mill-type buildings. 


Fig. 196 shows suggestions for the provision of shelters in 
frame buildings of the warehouse type. Such framed buildings 
in monolithic reinforced concrete or in steel framing offer 
considerable resistance to shock and to direct hits. With 
additional strutting to ceiling and partitions to give lateral 
protection, the inner rooms on the ground floor and basement 
can usually be made into suitable air raid shelters provided 
adequate means of escape are available. It is difficult to 
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generalise on the subject as each individual case inust bo 
dealt with on its merits, but as a rule it may be taken that in a 
well-constructed frame building the best place for the shelter 
is in the middle of the ground floor or basement, whereas in 
unframed buildings the shelters should be near the external 
wall. 
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l.'AJL jJ —I 
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c- 

I building ‘ 
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Fig. 196,—Suggestions for the provision of shelters in framed warehouse 

building. 


SHELTERS IN SIDES OF HILLS, SLAG HEAPS, ETC. 

If there is a steep hillside, waste dump or slag heap available 
near enough to he reached within seven to ten minutes, shelters 
may be formed by constructing galleries. These afford excel¬ 
lent protection, not only from sphnters, blast, etc., but ^so to 
some extent from direct hits, depending on the amount of earth 
overhead. 

On pp. 378 to 380 information is given concerning the design 
and construction of galleries incorporating sheet-steel lining 
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frames; anodier type is however illustrated in Fig. 197. A 
method of construction which is simpler, and more perma¬ 
nent, is to use pre-cast concrete tubes of 72 in. or 78 in. internal 
diameter, with ogee joints, and insert them into the hillside 
by “jacking” as shown in Fig. 198. This process, say the 
Cement and Concrete Association, is often followed in U.S.A. 
for the installation of pre-cast concrete tube culverts under 
embankments. A trench is dug in the face of the slope so as to 
enable the first concrete tube to be positioned at the correct 
level on a timber cradle, with the end of the tube against the ver¬ 
tical face of the excavation. Behind the tube a timber bulkhead 
is placed so as to enable jacks to convey a horizontal concentric 
thrust on the tube, support for the jacks being derived from a 
timber abutment at the rear. Men working inside the tube 
excavate the earth ahead to a diameter slightly larger than that 
of the outside of the tube, and to a distance not exceeding the 
full travel of the jacks. No protection for the leading edge of 
the tube is therefore necessary and the jacking operation, 
merely consists in sliding the tube forward. As soon as the 
first tube has been moved forward its own length a follow-up 
tube is placed behind it, both then being jacked forward 
together. The operation is continued until the required length 
of tube has been placed. Lengths exceeding 100 ft. of large 
diameter concrete tube have been successfully jacked into 
position in this way. Any tendency for water to percolate 
through the joints can be met by inserting bituminous jointing 
between the pipes before jacking. The construction of a blank 
concrete wall at the inner end, and of gas-lock doors, etc., at 
the entrance presents no difficulties and follows the principles 
already described. 

Alternatively the concrete tubes can be placed in position at 
ground level on the site of a proposed slag heap or dumping 
ground, leaving them to become covered by degrees as the heap 
is formed. 

This forms an excellent series of gallery shelters in course of 
time. 

Shops and O ffices 

Large blodks of buildings require special attention in order 
to reduce interruption of essential services to a minimum. 




Fig. 197. —Steel framework for arched gallery shelters electric arc 
welded by Messrs. Connies & Meadow Ltd., Cardiff. 





































I'lG. 198,“--“Jacking cfmcn‘tc lube Hhcltern into a liillHide. 




Typical of a bomb-proof shelter to accommodate the working staff of important building; 
om each compartment must be provided. 
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Ihis applies particularly to the Civic Government Bodies and 
the Imperial Government Offices, the whole of the staffs of 
which should have suitably protected accommodation as near 
as possible to their place of work. Fig. 199 shows a suitable 
arrangement in which a bombproof shelter is constructed in 
the courtyard of a building. 

The Hotel de Ville in Paris has been provided with such a 
shelter. The building is a large stone one enclosing a courtyard 
measuring about 80 ft. square and the shelter is primarily for 
the accommodation of the administrative staff of the munici¬ 
pality and is not in any sense a public air-raid shelter. 

The available net floor space is 3,860 sq. ft., of which 34jper 
cent, is taken up by power units, ventilating plant, telephone 
exchange, lavatories, etc.; thus yj sq. ft. of floor space is 
allotted to each of the staff of 350 persons it is intended should 
be housed there if necessary for weeks on end carr3dng on their 
duties in an emergency. The shelter is constructed in rein¬ 
forced concrete water-proofed by asphalt “ tanking ” placed 
externally to the concrete. As a “ cut and cover ” structure, 
it was completed in three months at a cost of £17,000 or £50 per 
person accommodated. The roof is 5 ft. 6 in. thick and is close 
up under the paving of the courtyard. It is reinforced top 
and bottom with a heavy grid of bars but is not provided with 
grids at close intervals as indicated at A in Fig. 69, as it was 
thought that such an arrangement of reinforcement would 
interfere with the placing of the concrete. 

The side walls are constructed close up against the founda¬ 
tion walls of the main building and are therefore reduced to a 
thickness of about 4 ft. 

Because of the protection afforded by the building itself the 
side walls of the shelter are not carried down to the depths 
recommended for shelters in the open (see Fig. 222). 

The floor of the shelter consists of a mat of concrete about 
3 in. thick overlaid with asphalt and upon which the 2 ft. 7 in. 
reinforced concrete floor is constructed. An air space for 
ventilator trunking, pipes and cables is provided by the 
construction of a thin reinforced concrete floor surface 
suspended above it. 

Party walls within the shelter dividing it into approximately 
eight sections are of reinforced concrete about 2 ft. thick. 
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They ai*e treated as load-bearing walls and are reinforced and 
made monolithic with the roof. 

There are two large entrances provided with heavy splinter- 
proof, blast-resisting gas and watertight doors provided with 
multiple wedge locking devices which can be operated by 
screw handle from each side. 

The ventilation and air filtration plant is of the Schneider- 
Poelman manufacture and is in duplicate—electrically driven 
from self-contained generating plant housed underground and 
provided with means for manual operation. The plant is 
supplemented by an oxygen-bottle regeneration plant for use in 
the unlikely event of both ventilation plants being put out of 
action. 

An independent artesian well supply of water from a deep 
well electric pump is provided and a separate sewage lift 
operates the drainage from lavatories and toilets. 

Complete self-contained telephone and wireless installations 
make this shelter as nearly as possible an impregnable unit in 
the essential services of the Civic Government of the City. 

A t3T)e of shelter suitable for the staff of large stores is shown 
in Fig. 200. Details will be evident from the illustration, and 
from what has already been said regarding walls and floor 
thicknesses the degree of protection can be designed to suit the 
requirements. In all such shelters it is advisable to limit the 
n um ber of occupants to fifty in each compartment, which 
shoxild be self-contained with its own equipment as complete 
as it is possible to make it. In existing shelters of a similar 
nature on the Continent independent water supplies from 
artesian weUs sunk through the floor of the shelter are in use 
in addition to small generating plants for electric lights and 
battery-operated pilot lights. Luminous paint is used for all 
the notices so that in the event of the complete failure of the 
fighting system movement through the various passages can be 
controlled. 

The author has been privileged to visit a number of official 
shelters of this kind, but for obvious reasons details cannot be 
published. Suffice it to say that these are all designed generally 
upon the principles already given and are as a rule completely 
sdf-contained and entirely independent of the normal electric 
fighting, power, water and drainage services. 
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SHELTER ACCOMMODATION CONSTRUCTED IN THE OPEN 

1. Shelters can be constructed in the open, and this fonn of 
construction is of particular use in protecting personnel 
employed in factories, etc., where the buildings are unsuitable 
for adaptation to provide shelter accommodation. 

2. Such shelters may be in the form of trenches, which are 
described in Chapter IX, or may be built partially or entirely 
above ground if the land is waterlogged. 

3. The general principles governing the provision of shelter 
accommodation should be applied, and the accommodation 
should be situated as far as possible from buildings in order to 
obviate risk from falling debris. They should be constructed, 
if possible, on elevated ground to avoid the possibility of 
flooding and the collection of gas. 

4. Where the risk of falling debris is not serious, as in the case 
of one-storeyed buildings, lean-to shelter accommodation built 
against the waU of the building may be considered. 

5. One advantage of these types of independent shelters is 
that in normal times they can be used as stores, cycle sheds, 
etc. 

Trench Type Shelters. 

Fig. 203 shows a brick-hned shelter which it is claimed can 
be constructed quickly and economically, providing a perma¬ 
nent form of shelter. 

Fig. 179 illustrates Costain’s pre-cast reinforced concrete 
air raid shelter for 50 persons. Pre-cast reinforced t5rpe 
concrete trench sections permit rapid construction of per¬ 
manent air raid shelters by unskilled labour. Units may be 
built above ground, partially submerged or below ground to 
required depth. 

The shelter illustrated has been designed according to Air 
Ministry recommendations to accommodate 50 persons. The 
pre-cast sections are provided with a special rebated joint 
which enables the shelter to be rendered reasonably free from 
surface water drainage at economical cost. 

Cost 

Supply 24 lineal ft. pre-cast reinforced concrete sections, 
as shown on the drawing, ex works £27 12s. 
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“COMMUNAL” TYPE AIR RAID SHELTER TO 
ACCOMMODATE 50 PERSONS 

Specification 

Price. 

£ s. d. 

Bearers. 3 X 3 X J in. angle cills, painted one coat and coach 

screwed to 2I X 6 in. creosoted timber bearers . . -559 

Roof Sheets. 16 gauge, 6/5 in. corrugated black sheets, holed to 
templates and curved to requisite radius, complete with necessary 
bolts and washers. All sheets painted one coat anti-corrosive 
paint on outside and one coat vigorised paint on inside ■ . • 39 7 

Supporting Steelwork. Consisting of four stanchions and R.S. 

joist at roof level, painted one coat. . . . . .850 

Bituproof. Sufficient material supplied to cover sheets externally 
after erection with two coats, reinforced with one layer of 
“ Bituproofmembrane and for one heavy coat of finishing 


emulsion . . . . . , . . . . 12 4 o 

Paint. Vigorised oil paint for application of two coats after 

erection * • • • • ' • . • . • 4 ^4 ^ 

Curved Angle Frames for two ends and one cross partition . .426 

Ends. Two ends, in panels, of laminated tongued and grooved 


matching covered externally with J in, flat asbestos and with 
galvanised corrugated steel sheets, cut to shape and supplied 
loose, except where doors occur. One door at each end consisting 
of laminated matching and asbestos covering protected with 16 
gauge galvanised flat sheets on outside. Doors fixed to 3 x 4 in. 
timber framing by means of specially made cranked galvanised 
hinges and fitted with special handles. Rubber beading fixed 
into frame to ensure a perfectly sealed joint when doors are closed 1915 o 
Cross Partition. Including lavatory curtains. Partition generally 
as' for ends, but with handles on door to operate from one side only 815 o 
Longitudinal Partition. For lavatory . . . . .200 

Seats and Lockers. Seats for 50 people. The centre seats with 

lockers and the side seats with backs but no lockers . .1330 

Ventilating. Two 16 gauge steel welded 4-in. diameter pipes, 
complete with steel hinges and welded to roof sheets. Intake 
pipe fitted with cone cap and hand-operated fan drawing in air 
at the estimated rate of 6,000 cub. ft. per hour. Outlet pipe 
fitted with “ Univac extract ventilator. Stays comprising four 
wire guys per stack, complete with strainers and stakes. Exclusive 
of filter . . . . . . . . . . 22 8 3 

Lighting. One 6-volt dry charged Exide battery connected with a 
2-pin socket. Five 6-volt 6-watt double-pole S.B.C. bulbs, 
switch, panels and accessories . . . ' . . *776 

Sanitation. Two Austral portable automatic flushing closets, 
complete with sufficient solvent for the first charge. Trough and 

outlet. 1100 

Tank and Pump. 25-gallon galvanised tank, 24 x 17 X 17 iii., 

14 gauge with 8-in. handhole and rubber ring, complete with 
delivery pump . . . . . ' . ■ ^ 2 12 6 

The price for the above materials complete is ;£i6i nett F.O.R. Works 
(subject to fluctuations in commodity prices). 

A delivery charge for approximately 3J tons of material should be added. 
The approximate cost of erection, exclusive of builders' work and earth-- 
covering, is £2$. 
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THE NISSEN AIR RAID SHELTER 

Fig. 202.—Arrangement of Nissen above-ground shelter for the use of 
two average families (capacity 10 adults or, say, 4 adults and 
8 children). 
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FAMILY ” TYPE AIR RAID SHELTER TO 
ACCOMMODATE 10-12 PERSONS 

Specification 

Price. 

£ 

Bearers. 3 X 3 X J in. angle cills, painted one coat and coach 
screwed to 2I x 6 in. creosoted timber bearers . . .286 

Roof Sheets. 16 gauge, 6/5 in. corrugated black sheets, holed to 
templates and curved to requisite radius, with all necessary bolts 
and washers. All sheets painted one coat anti-corrosive paint on 
outside and one coat vigorised paint inside , . . . ii 13 0 

Bituproof. Sufficient material to cover sheets externally after 
erection with two coats, reinforced with one layer of Bituproof ” 
membrane and one heavy coat of finishing emulsion . .500 

Vigorised Paint. Sufficient material to cover inside with two coats 

vigorised paint after erection. .250 

Curved Angle Frames for ends and partitions . . . .2180 

Ends. Two ends, in panels, of laminated tongued and grooved 
matching, covered externally with J in. fiat asbestos and with 
galvanised corrugated sheets, cut to shape and supplied loose. 

One door at each end consisting of laminated matching and 
asbestos covering with 16 gauge galvanised flat sheet iron on 
outside. Doors fixed to 3 X 4 in. timber framing by means of 
specially made cranked galvanized hinges and fitted with special 
handles. Handles on one door to operate from both sides 
and for emergency door from one side only. Rubber beading 


fixed into frame to ensure a perfectly sealed joint when doors are 

closed.. . 14 o o 

Partition. Generally as for ends, but with door handles to operate 
from one side only and without galvanised corrugated sheets . 5 19 8 

Seats for 10 to 12 persons with backrests. The backs may be 
placed across the building to provide sleeping accommodation .256 
Ventilation. Two 16 gauge steel welded 4-in. diameter pipes, 


complete with steel hinges and welded to roof sheets. Intake 
pipe fitted with cone cap. Outlet pipe fitted with ” Univac'' 
extract ventilator. Stays, comprising four wire guys per stack 
with strainers and stakes. Complete with fan but exclusive of 
filter 23 3 6 

Lighting. One 6-volt dry charged Exide battery with fittings, 
including all switches, wiring and lamps . . . . . 6 12 8 

Sanitation, One Austral chemical closet with sufficient solvent 

for first charge. 4142 

The price for the above-mentioned materials complete (subject to fluctua¬ 
tions in commodity prices) is £hi nett F.O.R. Works. 

A delivery charge for approximately tons of material should be added. 
The approximate cost of erection, exclusive of builders' work and earth" 
covering, is ;^I3. 
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Shelters can be constructed to any required length by the 
addition of extra sections. 

Similar shelters are, of course, available in all the approved 
trench lining systems described in Chapter IX. 

Figs. 201, 202 and 204 show a type of Nissen air raid shelter 
which, it is claimed, will provide personal protection against 
all risks except a direct hit. 



Fig. 203 .—A brick-lined shelter of the covered-trench type. 

Construction 

• The standard Nissen building is adapted by the provision 
of additional support along the middle as shown and a covering 
of concrete and earth added. 

The main body is built up of, curved sheets of corrugated 
steel 16 g. bolted together to form a section of a tunnel. The 
exterior is treated with " Bituproof ” Anti-corrosive Solution 
to prevent corrosion of the steel plates. This solution is 










COMMUNAL SHELTERS 411 

extremely resilient and effectively seals any possible source of 
air leakage. 

Ends and partitions are made up in panels ready for fixing 
into the curved frames which are bolted to the sheets. 

Gas-tight doors are fitted. These are faced with steel, 
backed by asbestos, wood and mounted on two thicknesses of 
timbering. The doors are so mounted that in the closed 
position they lend additional strength to the frames. 

Gas-tightness is obtained by means of a rubber fillet, similar 
to windscreen wiper rubber, the flat part being let into a groove 
running around the door framing, the tubular part of the rubber 
remaining above the surface of the framework. When the 
door is closed by means of two pressure handles operating 
refrigerator door type cam locks, this tubular rubber is com¬ 
pressed, thus tightly sealing the door. 

The doors are treated inside and out with Vigorised Paint 
which has been shown by tests to afford a definite resistance 
to the destructive action of mustard gas and to rigorous 
decontamination processes. 


Ventilation 

Two 4 in. steel pipes, rising 30 ft. above ground level, are let 
into the roof of the shelter, being bolted to short lengths of pipe 
welded into the roof sheets. 

One of these is an exhaust pipe fitted at the top with a 
revolving extract ventilator; this is for the discharge of 
vitiated air. The other, the inlet pipe, is connected to a hand- 
driven fan delivering 75 cub. ft. of filtered air per minute. 
Each of these pipes consists of two lengths bolted together with 
flanged joints. These flanges are hinged together to allow the 
pipes, when not in use, to rest on top of the earth reinforcement 
ready for erecting when required. It is therefore unnecessary 
to keep the pipes permanently erected. In case of emergency 
it is a simple operation to make the joints and raise the com¬ 
pleted pipe lengths by means of steel guys secured to groimd 
stakes. Should the ventilating pipes be imaged they can be 
sealed by stoppers provided. Arrangements are made for a 
filtration unit, on the same principles as the container of a 
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respirator, to be incorporated in the air intake system, for the 
adsorption and/or filtering-out of poison gas. 

Lighting 

Lighting is supplied by a 6-volt lighting set supplied by the 
Chloride Electrical Storage Company Limited, or alternatively 
by a “ Nife-Neverfayle ’’ Set. 

Three 6-watt lamps are fixed in the main chamber and 6-watt 
lamps in the air-lock and lavatory. A main switch is fixed at 
the entrance to the air-lock and another for controlling the 
light in the lavatory compartment. 

It is desirable to have a duplicate battery in readiness to 
provide for the contingency of a prolonged raid period. At full 
load the battery will give eighteen hours’ illumination. 

Water Supply 

In the case of the Communal (or “ Fifty Person ”) type 
shelter a supply of water is obtainable from a 25-gallon galva¬ 
nised tank fitted with a small hand pump. 

The tank is supplied with a jointed coverhole for easy 
cleaning out purposes and, being sunk into the ground, it does 
not occupy valuable space and the water is kept cool. The 
water supply, on the basis of fifty occupants, therefore works 
out at 4 pints per person, which should prove ample. 

No tank is fitted in the case of the Family type shelter, 
where water for the use of the smaller number of occupants 
could easily be kept in suitable stoppered jars. 


Sanitation 

Two Austral automatic flushing closets are fitted in the 
lavatory compartment. A wide trough, to be used as a urinal, 
and in case of sickness, is also provided. The discharge pipe 
from this trough is led out to a small soakaway underground. 


Wooden box-seats, with back rests, are provided and run 
the whole length of the main chamber—two and an end seat 
in the case of the Family t37pe shelter and four in the Communal 
type, where the two central seats are arranged back to back. 
The seats have hinged lids, which enable the locker compart- 




205 .—Garage under public gardens providing the much needed peace-time accommodation for 
shelter for the floating population in an air raid. 

desirable to adopt a standard degree of protection in such public shelters in order to prevent a 
be of the highest efficiency. 
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meats beneath to be used for storage purposes—food, clothing, 
personal effects and stores generally. 

In the case of the Family type shelter the boarding forming 
the seats can be re-arranged to form sleeping boards. 


Table XCIII 


Type of Shelter. 

Internal 

Surfaco 

Area. 

Floor 

Space. 

No. of Occupants per 
Home Office Scale. 

No. of Occupants 
recommended. 


Sq. Ft. 

Sq. Ft. 

6 sq.ft 

3i sq. ft. 


Family 


65 

II 

18 

10 adults, or, say, 4 
adults and 8 children. 
(Two average families.) 

Communal . 

870 

268 

45 

77 

50 adults. 


Protection for the Floating Population 

In spite of the provision of shelters at all centres of occupa¬ 
tion and in the homes of the people, many will find themselves 
in the streets at the time of an air raid warning. For these the 
underground garage, which may ultimately be found in prac¬ 
tically every square, would be a reasonably safe refuge. Fig, 205 
shows a type of construction which could usefully be adopted. 
This is a form of cut-and-cover structure with approaching 
ramps which would be provided in an emergency with gas 
locks. The heavy concrete roof supported on thick dividing 
walls automatically separates the interior of the shelter into 
cells of a size suitable for the accommodation for fifty people. 
Ventilation, lighting, water service and sewage lift installation 
should be independently installed for each of the shelters and 
emergency exits provided for each. 

For providing for the people in the streets of their locality 
civil authorities will doubtless take advantage of all suitable 
basements in public buildings; there will, however, inevitably 
be a considerable amoimt of new construction. 

The refuges must be so distributed that they can absorb 
within ten minutes the floating population to be catered for, 
and in order to render the cost of the work reasonably economic 
they should preferably have a dual function so that they may 
serve some useful purpose in normal times. Public subways 
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and underground garages at once suggest themselves, and their 
more general use would minimise the congestion in the streets. 

Fig. 206 shows a scheme for a combined Class 5 shelter and 
underground cycle park, as suggested in tlie Supplement to 
the Architect and Buildini> News, March .-jrd, tc)3(). 



seCTION n —WAR-TIME UCtlON AA. WAR-TIME 


Fig. 206.—Underground cycle park-cum-shelter. 

1. Eepresents parked cycles—^twenty-four in each compart¬ 

ment. 

2. Closets. 

3; Ventilating and emergency lighting plant. 

4. Ramp. 

5. Storage for seating in peace-time. 

6. First-aid room in war-time. 

7. Gas locL 

















Fig. 208.—Cut-away view showing concrete tube 
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8. Seating for forty-eight persons. 

9. Sand-bags. 

10. Steel shutter. 

One of the most convenient and economical ways of con¬ 
structing a public splinter-proof shelter is to use large diameter 
pre-cast concrete tubes, laid like a section of a sewer partly 
above ground and with a mound of earth over the top. If 
equipped with a ventilating and gas-filtration plant, a tube 
72 or 78 in. diameter by about 50 ft. long would accommodate 
fifty persons. Pre-cast concrete tubes up to’ 90 in. diameter 
are obtainable. 

Multiple concrete tube shelters could be installed under city 
squares without spoiling the amenities. Each unit would 
accommodate fifty persons, and would have its own entrance. 
The whole group could be interconnected and ventilated by a 
central gas-filtration plant. Gas-proof doors in the connecting 
tubes would prevent the immobilisation of the rest of the system 
if any of the units should sustain damage. The main tubes 
would naturally be spaced as far apart as space permits for the 
accommodation of the scheduled number of persons. (See 
Figs. 207 and 208.) 

GERMAN DESIGNS FOR SPLINTER- AND GAS-PROOF 
CONCRETE TUBE SHELTERS 

The following embodies translated extracts from a leaflet 
issued by a prominent German firm of concrete pipe manu¬ 
facturers. The lay-out plans are interesting and practical, 
and photographs indicate that concrete tube shelters have been 
installed in Germany in an efficient manner. Fig. 209 shows 
a number of arrangements. 

The following are some of the chief points mentioned in the 
German leaflet:— 

These shelters represent a complete development in the 
structure of air raid shelters by reason of practical utilisation 
of space, use of the minimum quantity of material and 
economical arrangement. 

Their practical shape ensures a high degree of safety. The 
standard tube units are 2*5 m. (= 8 ft. 2 in.) long by 2,000 mm. 
(= 79 in.) internal diameter. The shelters can be assembled 
to suit any desired plan, and installed on the surface with a 
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splinter-proof earth: covering, or below ground level, even in 
water-bearing strata, or as gallery structures. Absolute 
tightness at the joints is obtained by means of a bitumen 
compound in the grooves and rebates. 

The shelters can be designed for the accommodation of any 
number of persons and laid out to the best advantage in the 
space available. Steel fittings and lugs are cast into the 
concrete tubes and connected to the reinforcement. The lugs, 
etc., serve for bolting together and, for the fixing of bulkheads. 
The seats can be arranged to tilt up, thus increasing the scope 
for using the shelters as stores in normal times. 

The advantages are rapid construction of standard parts 
for complete shelters, easy transport, simple and quick installa¬ 
tion and high degree of protection. This means a great saving, 
and represents a sound technical solution to the problem of 
constructing air raid shelters. 

It should be noted that the capacities shown in the German 
lay-out plans assume that ventilation and gas-filtration equip¬ 
ment is installed in each shelter. Without ventilation the 
capacities would be less. 

In Berlin alone it is said that more than 70,000 air raid 
shelters have been prepared, while Paris has made provision 
for the protection of million of her three million population. 

In Paris, however, seven stations on the Metro, have been 
selected for use as public air-raid shelters in case of need. One 
of the main features of the special work involved to render 
the MetropoKtain of Paris suitable for this purpose is the fitting 
of swing gas-tight doors m series of seven in each of the various 
passages leading to that portion of the station constituting the 
air-raid refuge. Doors are normally kept open during the 
normal use of the railway. 

Very large capacity air-filtration plant in compartments 
inside the protected area is installed and one of the filters used 
on the installation is illustrated in Fig. 36. The capacity of 
these public shelters in the Metro, system varies from a few 
thousands up to several thousand persons, and the cost of the 
work has been stated to be about £2 per head. Owing to their 
considerable depth below ground practically the whole of the 
cost is for the gas-proofing and air-filtration work, and the 
protection afforded is practically 100 per cent. 
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Fig. 211 .—German ""ant-hill** t3rpe of public bomb-proof shelter in 
reinforced concrete 80 ft. high, to accommodate 300. It is cir¬ 
cular on plan and its steeply sloping sides minimise danger of 
undeflected impact. 
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In London the tubes are very deep, but owing to the grave 
danger of flooding in the event of bursting of sewers or water 
mains during an air raid and also owing to the difficulty of 
rendering them reasonably gas proof and ensuring adequate 
ventilation in the failure of the main electricity supplies, they 
are not being considered as available for public air-raid shelters. 



WINKEi; TOWER 


Fig. 212.— Sectional view of the Winkel tower. 

Many schemes for public shelters have been proposed, aiid 
the authorities are being inundated with suggestions of all kinds, 
soine quite practical and others quite unsuitable owing to 
their prohibitive cost. 

A discusaon of the pros, and cons, of proposals of tbic kind 
is not within the scope of this volume, but it is evident that 
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the very careful consideration which is being given to these 
proposals will result only in the adoption of those really most 
suitable. 

Owing to the vital necessity of insisting upon the adoption 
of the principle of dispersion the large public shelter is not 
likely to be adopted to any considerable extent in this country. 

Outside Shelters 

Outside shelters above ground giving protection from direct 
hits of medium weight bombs may be constructed generally as 
shown in Fig. 210, as recommended by the French Govem- 
nient, or as shown in Fig. 211 as installed in Berlin. 

In each case the principle of deflection of the bomb is 
utilised. 

The " Ant-hill ” type illustrated is a conical tower in rein¬ 
forced concrete, 80 ft. high, and it can accommodate 300 people. 

It is a type which is only likely to be adopted for temporary 
shelter for the floating population. 

The walls are 4 to 5 ft. thick in reinforced concrete, and 
there are a number of interior floors connected together with 
a spiral staircase. 

Ventilation is from the top and there is no filter. 

A sectional view is given in Fig. 212. 

Wardens’ Shelters 

Outside wardens’ shelters constructed to Class 6 protection 
ought to be designed to function ultimately as public rest 
rooms, bus passenger shelters, refreshment rooms, etc., in 
times of peace, avoiding as far as possible unproductive expendi¬ 
ture upon purely wartime structures. 



CHAPTER XI 

BOMB-PROOF SHELTERS 


Roofs 

For the housing of vital units in, the essential services and for 
the protection of national treasures bomb-proof shelters may 
be required. 

These may be established at ground level, just below the 
ground or at great depths below the surface. 

Fig. 213 shows a Swiss type of bomb-proof shelter and a 
suitable internal arrangement. The type of reinforcement is 
also indicated on the section. 

Generally speaking, there is no advantage in covering a 
bomb-proof shelter with a few feet of loose earth when direct 
hits are to be resisted as the nose wave in front of the approach¬ 
ing bomb almost invariably clears off the upper layers of 
covering before the bomb strikes. 

This effect is more noticeable with high velocity armour- 
piercing shells. 

In using the figures of the required thicknesses for protection 
given in Table XII, this fact must be borne in mind. 

It is only at the greater depths of submergence that the 
benefit of the earth covering is at ah appreciable. 

Fig. 214 includes a graph from which the curtailment of the 
thickness of the roofs of bomb-proof shelters at various depths 
below ground level can be obtained. 

For example, a shelter proof against the i-ton H.E. bomb 
should have a reinforced concrete roof at least 6 ft. 7 in. thick 
if constructed at ground level, with no further protective 
covering and a roof of 2 ft. of reinforced concrete if constructed 
66 ft. below the surface of the ground. 

Intermediate values, such as 5 ft. thickness of reinforced 
concrete 42 ft. below the ground can be read off from the 
graph. 

Scales of feet thicknesses for roofs of shelters and covers 
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Dn, 



Ground Level 



Fig. 213.—Swiss type of bomb-proof shelter, showing arrangement of 
air-locked entrance, decontamination room, toilets, gas mask 
and tool stores, food store and emergency exit. 

Roof 3' j". Wall 3' Af' for 220 lb. bomb. 

„ 4'7'', „ 5'o" „ 660 „ „ 
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H— Dia. of Crater 
Table xiv 



See also Table xm ^ 

BURIED BOMB- 
PROO¥ SHELTERS 




0-1 




Fig. 214.— Above, Depicts the values tabulated in the recommenda¬ 
tions. 

Below, Includes a graph from which the curtailment of the 
thickness of the roofs of bomb-proof shelters at various depths 
below ground level can be obtained. 


Scales of feet-thickness 
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over, to provide protection from direct Mts of bombs of 6 cwt., 

2 cwt., I cwt., and J cwt. gross weights respectively, are plotted 
in such a position to permit the utilisation of the same graph. 

The dimension from the zero on the appropriate scale to the 
curved graph gives the thickness of reinforced concrete roof 
required and the intercept between the two graphs the required 
thickness of the earth covering. 

For example, protection against 2 cwt. bombs can be secured 
with ft. thickness of reinforced concrete buried ii ft., or 

3 ft. thickness, 17 ft. down. Protection against 6 cwt. bombs 
would require 3 ft. thickness of reinforced concrete 27 ft. below 
the surface. 

On the upper part of same figure is a diagram illustrating 
the values given in Tables XIII, XIV and XV respectively. 

The roof thicknesses given in the tables and shown in the 
graph are aU based upon the special t3q)e of reinforcement 
shown at A, in Fig. 69, and are determined principally upon the 
resistance to punching shear. 

Additional beam reinforcement or even additional thick¬ 
ness in roofs may be required when spans exceeding 20 ft. are 
involved, but in this case vaulted ceilings are preferable as 
providing arched strength additional to the ordinary beam 
effect. 

Large bomb-proof shelters in the open are best left rmcovered 
altogether unless they can be buried more than 50 per cent, of 
the depth required to give total protection and provided the 
roof is of the requisite thickness. 

A convenient summary of proof thicknesses to perforation 
and explosion of high explosive bombs compiled from foreign 
sources is given in the table on p. 426. 

No shelter can be regarded as bomb-proof unless it affords 
complete protection against a bomb of specified weight with 
delayed fuse; thus a shelter made to be proof against a J ton 
bomb would not necessarily be proof against a i ton bomb, 
and it is therefore a merit in design if the shelter lends itself 
to strengthening as may be necessary to provide for increased 
protection. 

The use of a burster course on a shock-absorbing layer over 
the top of the shelter may be a source of real danger unless the 
burster course itself is sufficiently strong completely to resist 



Proof Thicknesses to Perforation and Explosion of H.E, Bombs compiled from 
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Note, u = minimum crushing strength of the concrete in lb. per square inch after 28 days. 
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the penetration and explosion of the bomb for which it is 
designed. The upper layer must also be made to extend round 
the shelter sufficiently to prevent a bomb reaching the shelter 
by oblique attack. 

The French about 1890 embodied shock-absorbing layers of 
sand under detonating slabs of reinforced concrete in the design 
of shelters. The bed of sand, however, proved ineffective, for 
at the moment of explosion too great a pressure was produced 
in all directions in the sand, similar in effect to hydraulic 
pressure, and the construction cracked. Subsequently the 
French built fortifications entirely in reinforced concrete. 

Dry sand is a good load-bearing material provided it has 
lateral support, and is thus prevented from escaping. If, 
however, the lateral support is provided the sand is completely 
enclosed and the effect above referred to is produced, thus 
nullif3dng any shock-absorbing properties. For this reason an 
intervening layer of light aerated concrete or weak pumice or 
foamed slag concrete (say lo-i mix) is preferable, as it wiU 
contain air cells which will crush under impact, thus localising 
the effect without producing excessive pressures. 

The French favour solid reinforced concrete shelters with 
provision of steel lining or close mesh reinforcement on the 
inside to prevent scabbing of the concrete. The Swiss also 
adopt a similar practice, but provide rubble filling round the 
outside of the shelter proper in order to provide interstices for 
the relief of the expanding gases from the explosion of a bomb, 
whilst the Italian practice is to utilise air space between the 
shelter and the outer protecting cover. 

There is no doubt that if a separate shield is adopted it 
must be designed to take the full force of impact, penetration 
and explosion without perforation. It should be extended 
laterally to protect the shelter from oblique attack, and that 
the shelter proper should be designed to resist scabbing or 
spalling of the inner surface of the concrete by the provision 
of an air space between the shield and the shelter or by the 
use of steel linings or close mesh reinforcement. 

To prevent the transmission of concussion or earth tremor 
to the occupants of the shelter it is desirable that the floor be 
constructed on a thick layer of sand or foamed slag inserted 
between the floor surface and the base of the shelter itself. 
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Bison Bomb Deflectors 

These consist of a pyramid of concrete balls, each 15 in. 
diameter, weight 112 lb., and cost 4s. each. 18 in. diameter 
deflectors cost 7s. each. 



Messrs. Concrete Ltd. have carried out elaborate tests of the 
device, and have shown that the Bison bomb deflectors give 
a greater degree of protection than the same mass of concrete 
in the form of a single slab. 

The theory is that, at whatever angle the bomb may hit the 
burster course, it will encounter the rounded surface of a 










Fig. 2i6.-“ExternaI view of shelter showing pyramid of Bison bomb 
deflectors arranged on the roof. 


[To face page 428 . 
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material hard enough to change its direction, dissipate most 
of its energy in scattering the balls, and expend the rest in 
skidding along the surface of the ground, thus achieving the 
unconfined burst, which is always preferable to a tamped 
explosion. The arrangement is shown in Figs. 215 & 216. 

F ig. 217 shows the results of a test using a dummy bomb 
weighing 1,204 lb. released from a height of no ft. and striking 
with a velocity of approximately 84 ft. per second and an energy 
of about 132,000 ft. lb. 

Twenty 15 in. and twenty 18 in. deflectors in tv.o layers 
successfully prevented any damage to a trench covered only 
with a wooden roof and three layers of sandbags. 

Whether the bomb deflectors would really act in the same 
way when subject to bomb impact at the usual striking 
velocities—^which are at least ten times greater than those 
used in the tests—^has yet to be demonstrated; and whether 
the telekinesis effect of a bursting bomb would not be more 
pronounced when these " ready made projectiles ” are available 
has also to be ascertained. 

The test results are, however, very encouraging and prove 
that a closely packed heap of hard round balls has considerable 
deflecting power when subject to direct impact, and that smooth 
hard spherical units are preferable to loose random shape 
masses so often advocated for burster courses in the form of 
rubble. 

PROPORTIONS FOR ROOFS OF BOMB PROOF SHELTERS 

Table XCV shows sizes for protector slabs on shock- 
absorbing layers of sand or ballast, and Fig. 218 is diagrammatic 
of the arrangement envisaged. The thickness recommended 
for the protector slab “T” in feet is based upon concrete 
having a crushing strength of 2,800 lb. per sq. in. at twenty- 
eight days and shows a small margin of safety on the proof 
thicknesses given in Table XCIV. 

The thickness of the shock distributing layer is recommended 
by .the author to be double the thickness of the protector slab, 
but in the design of the roof of the shelter proper it is necessary 
to take into account the dead load of the sand and the protector 
slab as well as the dynamic load due to the impact of the bomb 
and partial penetration into the protector slab. 
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On the basis of calculation given on p. 42 the dynamic load 
has been calculated and the equivalent static load is taken as 
at least twice the average dynamic load. The diagram given 
in Fig. 218 shows the assumed cone of distribution of the load 
on to the roof of the shelter below, and from this the equivalent 
static load per square foot on the shelter roof has been worked 
out. 

The necessity of full scale tests to ascertain the true action 
of a " sandwiched ” layer of supposedly shock-absorbing 



Fig. 218.—^Diagram showing dimensions given in Table XCV. 


properties is here very apparent. Compact sand is likely to' 
act as a fluid and thus distribute the shock evenly over the 
roof, but a really resihent layer such as aerated concrete might 
well minimise the total load by compression, but concentrate 
it upon a smaller area, as shown by the cone of distribution. 

Loads tabulated in the penultimate column of Table XCV 
include the dead load of the shock distributing layer, 
prptecting slab and the turfed cover. On the basis of the 
utilisation of a high percentage of reinforcement top and 
bottom in the roof slab and stressing this reinforcement to 
27,000 lb. per sq. in., the necessary thicknesses of the shelter 
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roof are tabulated in the last column; this is based upon a 
span of 20 ft., which is the maximum the author would 
recommend. 

It win be seen on consideration of the diagram that the use 
of a shock distributing layer can hardly ever be economic, 
since the thickness of shelter roof required to resist the bending 
moment and shear stresses brought about by the d3mamic load 
and dead load of material above makes this—at any rate in 
the case of the smaUer bomb—^just as thick as the protector 



BUBieo SHELTEB ABOVE SBOUHD SHELTEB 


PBOPOBTIONS FOB BOMB - PBOOE SHELTEBS 

Fig. 219.—Diagram giving proportions of surface and above ground 
bomb-proof shelters. 

slab itself. It is obvious, of course, if the thickness of the shock 
distributing layer can be increased, then the distribution 
which it is likely to effect will be greater and the equivalent 
total static load on the shelter roof will bfe reduced. On the 
other hand; the dead load is increased and the shelter itself is a 
considerable distance below the protecting slab. 

Fig. 219 shows, on the other hand, the dimensions of above 
ground and below ground bomb-proof shelters in which the 
shock distributing layer of sand has been omitted. Table XCVI 
gives the data upon which the proportions have been worked 
out. 
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Fig, 220 .—Detailed design of bomb and sho<^^proof shelter. 









Showing Sizes for Protector Slabs on a Shock-absorbing Layer 
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Based upon concrete having a crushing strength of 2,800 lb. per sq. in. at 28 days. 



Table XCVI 
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Based upon concrete having a crushing strength of 2,800 lb. per sq. in. at 28 days. 
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It will be seen that the thickness of the protecting roof for 
a span of 20 ft. in each direction is only 6 in. more than the 
proof thickness of slab required. The d3mainic loads have been 
calculated for striking velocities of 800 ft. per second, and 
assuming that one bomb strikes the roof slab normal to the 
surface and in the middle of the span the area of steel required 
each way, both top and bottom of the slab, of the thicknesses 
tabulated is shown in column No. 7. The air space recom¬ 
mended by the author is shown in column No. 8, and the 
thickness of the shelter roof in column No. 9. 

By the arrangement proposed the protecting roof of the 





Fig. 221.—Showing details of permanent steel soffit shuttering 
attached to reinforcement. 

structure is designed to deal with the d5mamic load, both for 
bending and punching shear, and there is no such load on the 
shelter roof proper, the air cushion being sufficient to prevent 
transmission of heavy loads to the shelter roof. A detailed 
design for shelters based upon these principles is given in 
Fig. 22b.' 

When a bomb-proof shelter is designed without a separate 
protector slab the roof itself should have a permanent steel 
soffit or be reinforced with close mesh reinforcement on the 
teihng to deal with any possible scabbing of the concrete. In 
the case, however, of the second type, in which an air space 
is used between the protector slab and the internal shelter, the 
steel soffit should be on the underside of the protector slab. 
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It is, however, an advantage ^ways to have a close mesh 
reinforcement on the inner surface of any shelter which might 
be subject to direct impact of projectiles or splinters. 

A thin " bursting ” slab over earth fiUing is a danger when hit 
by heavy H.E. bombs as the telekinesis effect is increased by 
the flying fragments of the slab broken up by the impact as 
well as the tamping effect upon the explosion. 

” Bursting ” courses or detonating slabs over earth covering 
are of most use in touching off the smaller bomb. 

Lateral Protection 

Swiss Government recommendations advise that the depth 
of the side wall foundations should be at least ^ metre deeper 
than the depth of penetration given in Table XV. 

In the French Government recommendations external walls 
are required to be 25 per cent, thicker than the roof covering 
and they must never be less than 2 ft. 4 in. thick ; furthermore, 
they must be made monohthic with the roof and reinforced in 
exactly the same way as the roof. A detonating slab level 
with the ground surface all round the shelter has advantages 
which will be apparent on consideration of the following : 

The foundations must be arranged in such a way as to pro¬ 
vide a protection against the effects of a projectile penetrating 
the ground in the vicinity of the shelter and exploding near the 
foundation. For this purpose arrangements as indicated on 
Fig. 222 may be adopted; in alternative A the depth of the 
foimdations are arrived at by making dimensions a, b and c to 
aggregate the depth of penetration given in Table XII. The 
example shown on the above-mentioned figure is of a small 
shelter 10 ft. x 10 ft. x 10 ft. internal dimensions. The 
outlines given axe for bombs weighing J cwt., i cwt., 2 cwts., 
6 cwts. and i ton respectively. In the latter case it will be 
seen that the walls are carried down a very considerable depth 
in order to provide protection to the interior of the shelter 
against a burst of a i ton bomb in the earth adjacent to the 
side walls. 

In alternative B lateral protection is improved by the use of 
detonating slabs of a thickness equal to half that of the shelter 
roof and carried out all roimd the shelter to the amount shown 
on the figure. In this case the dimensions d, e, f and g 
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Fig. 222 .’----0utlijies of heavy boml^-proof shelters. A and B, according 
to the French Government recomniendations. C and p, author's 
proposals (see text, p. 43 $)- * 
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should aggregate the total depth of penetration given in 
Table XII. This shows some economy in the depth of founda¬ 
tions hut unless the detonating slab is carried out to an extent 
very considerably more than the maximum internal dimensions 
of the shelter the economy possible in the depth of the side walls 

not very material. 

Both alternatives A and B are calculated on the ba.«is of 
ilhaving a concrete floor of negligible resistance, say about i ft. 
of concrete. 

: In alternative C however this same bomb-proof shelter is 
drawn with a foundation raft, having a thickness equal to half 
that of the roof. The depths of the side walls are worked out 
exactly as in the case of alternative A except that there appears 
to be no necessity to carry them down deeper than the internal 
width of the shelter. In this alternative it must be remembered 
that although the shelter is unlikely to be penetrated the whole 
Istructure may be moved by the force of the explosion and the 
concussion received by occupants would in all probability 
prove fatal, were a burst to occur close to the shelter or a direct 
hit be obtained. The use of such construction in the open is 
principally to house automatic control gear used in defence 
operations or in the essential services. 

Alternative D shows further economies which can be effected 
in both excavation and material. The form recommended in 
this case is that of a complete sphere of reinforced concrete 
generally to the thicknesses shown on the drawing. The 
construction has the added advantage of minimising the 
possibilities of a direct hit in a completely radial direction. 
The impact of the bomb is more likely to be somewhat tangen¬ 
tial and the deflection thus caused would largely mini m ise the 
shock of impact. Access to and egress from such shelters 
would necessarily be very carefully protected and kept as remote 
as possible from each other. The principles of construction of 
such connections have already been discussed, but there is no 
doubt that where possible bomb-proof shelters should be com 
structed at low levels in order to minimise the danger of ther 
effects of excessive concussion and also to economise in the 
material of constructions. 

All large shelters should be divided into small sections 
• acconamodating no more than fifty persons and the dividing 
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walls should be stronger than the roof or external walls in 
order to locahse the effects of direct hits on any particular 
section. On the other hand, if they are partition walls no 
thicker than quarter of the thickness of the roof they should 
not be bonded to the roof but the top course should preferably 
be laid in cork or similar resUient material to permit of the 
elastic deflection of the roof without causing the dividing 
partitions to be fractured. 

Walls of Shelters above Ground 

When the shelter is constructed above ground level the 
d3mamic load on the wall due to direct impact is less than 
that on the roof, since the angle of incidence of the bomb on 
the surface is such that its normal component is between a 
half and a third of that on a horizontal surface. Further, the 
bomb is to a large extent deflected down the side of the shelter, 
expending the major portion of its energy in penetrating the 
earth surrounding the shelter. For this reason the side walls 
of shelters need not normally be more than two-thirds of the 
proof thickness required for the roof. 

The angle of impact, i.e., the angle between the direction of 
the projectile and the surface of the target, determines whether 
the projectile will penetrate, detonate or ricochet. The limiting 
angles for ricochet have been found to be as follows :— 

For small spherical projectiles with velo¬ 
cities of about 2,000 ft. per second the 
limiting angle for ricochet on water is 7 degrees. 

For shells striking smooth sea . -25 „ 

For 4 in. dia. shells striking sand. .10 „ 

For i2-in. dia. shells striking sand. . 28 „ 

Petry gives for bullets a limiting angle of 15 degrees for 
earth and as much as 30 degrese for masonry and brickwork. 

Considering, therefore, the limiting trajectories for bombs 
given in Fig. 6, it will be seen that, generally speaking, a 
bomb striking a vertical surface will ricochet from it, provided 
there is sufficient strength in the structure as a whole to resist 
the shock of oblique impact. 
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Walls of Shelters below Ground 

With buried shelters, however, the side walls may have to 
withstand the full force of the tamped explosion due to a 
bomb bursting in the ground immediately adjoining the shelter, 
and for this reason the thickness of 1-3 times that of the roof 
thickness is recommended by the author. 

The general proportions for the various sections of bomb¬ 
proof shelters are indicated in Fig. 219, the left-hand side 
showing the shelter buried to ground level and the right-hand 
side the shelter constructed above ground level. The thickness 
required for the roof, as found by reference to Tables XCV 
and XCVI, is considered as unity and the proportions for the 
other members are given in relation thereto. It will be seen 
from this diagram that it is recommended that a small shelter 
be constructed within the protective construction, leaving an 
air space over the roof and on the sides, the inner shelter 
resting on a layer of sand. 

The object of this is to minimise the effects of concussion 
which occupants of the shelter would experience were the 
inner lining omitted. The proportions indicated on this diagram 
are to be taken as a general guide only, and are not intended 
to obviate the necessity of careful calculations. On the other 
hand, if these proportions are adhered to it will be found that 
in reinforced concrete construction adequate strength in all 
parts of the shelter can be obtained by the use of the appro¬ 
priate amount of reinforcement. Fig. 220 shows details of 
reinforcement for a shelter constructed in reinforced concrete 
above ground level to give complete protection against direct 
impact of a 660 lb. medium case bomb. Attention is drawn 
to the fact that the reinforcement should be arranged in such 
a way as to facilitate the construction of the work in layers of 
2 ft. maximmn depth, and also that a soffit .of steel in the form 
of permanent shuttering attached to the reinforcement must 
be used on the protective roof. An arrangement suitable is 
indcated on Fig. 221. Attention is also drawn to the fact that 
the bed of sand or gravel is retained in position by means of 
the bituminous mastic seal which fills the space between the 
external construction and the intmial lining. There should 
not be hard structural contact between the lining and the 
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external construction as otherwise the concussion transmitted 
to the interior in the event of a direct hit would be such as 
seriously to injure the nervous health of the occupants. 

The maximum damping effect would be obtained if the sand 
is composed of hard circular particles aU of one size and not 
graded from fine to coarse and of angular form as is normal in 
sands used for the making of concrete. 

The shelter can, of course, be rectangular, polygonal or 
circular on plan as may be desired, and the entrances and exits 




Fig. 223, —Design of a rectangular shelter for 200 persons, giving 
Class 6 protection. 

{Courtesy^ Dr. Anderson and the Inst. C.E.) 

must be properly lined and arranged with a resihent connection 
where the passageway passes through from the external 
construction to the interior lining. The protection thickness 
for the roof is based upon the use of concrete having a crushing 
strength of 2,800 lb. per sq. in. at twenty-eight days, but 
economies in the construction can no doubt be secured by the 
use of concrete of richer mix, vibrated into position and having 
higher crushing strength. Special overstrained steels which 
have higher safe working stresses, such as Isteg steel, can also 
be used with advantage. 

When dealing with the construction of shelters designed for 
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protection against direct impact too much emphasis cannot 
be laid upon the desirability of having a concrete with high 
tensile strength so that its shear resistance to penetration is 
thereby increased. In this connection it will be found that the 
use of a concrete with a low water cement ratio properly 
vibrated into position will give improved results. 

For bombs having heavy cases or delay-action fuses, the 
thicknesses of the protection should be increased 50 per cent, 
in accordance with Table XCIV, p. 426. Furthermore, when 



Fig. 224. —Design for circular shelter for 200 persons, giving Class 6 
protection. 

{Courtesy, Dr, Anderson and the Inst. C.E.) 

large numbers of people have to be accommodated in such a 
shelter it is desirable for psychological reasons to increase the 
protection. The cost per head will be of the order of £25 to £35 
per person, depending upon the size of the shelter. 

Figs. 223 and 224 are reproduced by permission of the 
Council of the Institution of Civil Engineers and of Dr. 
Anderson, the author of a lecture on bomb-proof shelters. 

They epitomise the recommendations of the panel of engineers 
set up by the Institution to examine and report upon the 
subject. 
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They recommend that protection against direct impact of 
500 lb. medium case H.E. bombs striking at the maximum 



Scale; 1 inch = 3 ? teet 

feet I p 5 0 10 ^ ^ ’eet 

Fig. 225.—Design for a 1,200-person shelter, giving Class 6 protection. 

{Courtesy, Dr. Anderson and the Inst. C.E.) 

velocity would be. suitable for strongholds to accommodate 
not more than 400 persons, that where the number of persons 
to be accommodated is greater than this the protective cover 
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be increased 50 per cent, equivalent to protection against 
500 lb. heavy case bombs. 

They further recommend that the maximum number of 
persons to be accommodated in one shelter should not exceed 
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Fig. 226.—^Additional views of shelter shown in Fig. 225. 

{Courtesy, Dr. Anderson and the Inst. C.E.) 


1,200, and that the shelters be divided into compartments so 
arranged that each would hold about loo persons. 

Figs. 225 and 226 show the recommended arrangement of a 
1,200-person dielter designed on the above lines. 

In view of the fact that it is desirable to carry the side walls 
well down to secure adequate lateral protection, accommoda- 
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tion in ground floor and basement can be provided economically. 
Fig. 227 shows the recommended arrangement of reinforce- 

General reinforcement 



Scale: f inch-6 feet. 
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Fig. 227 . —Showing details of the steel reinforcement of the roof and 
side walls of bomb-proof shelter, giving Class 6 protection. 

{Courtesyf Dr. Anderson and the Inst. C.E.) 


ment, the concrete being of i-ii-3 mix and having a crushing 
strength of 4,000 lb. per sq. in. at twenty-eight days. 
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It is evident that as the depth of multi-storey shelters is 
increased the thickness of the side walls can he reduced 
progressively. 

The Committee recommend that after a depth of 25 ft. 
below ground in the case of sand or gravel and 40 ft. in the 
case of clay, the thickness might be reduced by 4 in. for every 
additional foot in depth, the minimum thickness being 2 ft. 6 in. 
or that required for structural stability, whichever is the 
greater. Fig. 228 shows a method of using pressure piling 



in construction of bomb-proof shelter so as to afford lateral 
protection. 

With regard to cost, after considering thirty-three designs 
in all, the Committee abandon the “ umbrella ” construction 
(using an extended apron or burster slab) and the “ sandwich ” 
constructions as not so economical as the solid types illustrated. 

The estimated cost of large shelters for 1,200 people, as 
given by Dr. Anderson, works out to £iy 10s. per person, the 
rectangular shelter for 200 people, £2$ xos. per head, and the 
circular shelter £21 10s. per person. 
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DEEP SHELTERS 

Deep shelters have often been advocated, but, in designing 
the shelters, depth required for immunity should be calculated 
on the basis of the capacity of the buried structure to resist 
the forces of subterranean explosions. As already pointed out 
on p. 446, the nearer the surface the heavier the construction 
is required to be. There is, of course, an irreducible minimum 
for the thickness of construction required for ordinary structural 
reasons, however deep the shelter may be constructed. The 
condition of the ground and the circumstances appertaining 
during the construction of the shelter all have a dominating 
influence upon the design adopted. 

Deep Tubular Shelters 

The deep system of shelter construction using shockcrete 
pre-cast tubes or tunnel segments, as illustrated in Figs. 229 
and 230, has much to commend it. Such a scheme incorporates 
not only a solution to the car parking problem, but at the 
same time provides an earning power which could be set 
against the cost of the deep shelter A.R.P. system beneath. 
Utilisation of the excavated earth for filling of the concrete 
bastion surrounding the square provides a blast- and splinter- 
resisting protection for the surface buildings, which could be 
utilised as auxiliary fire stations, dressing centres, entrances 
to shelters, etc. The material is obtained from Messrs. 
R. Costain Ltd. in the form of circular tubular linings or tunnel 
segments tested to over 7,000 lb. per sq. in. direct stress. The 
system of construction provides for the internal bolting of the 
segments, thus enabling rapid and efficient erection to be carried 
out. The provision of a bitumen-dipped cord for the jointing, 
coupled with the use of spring-washered bolts, renders the 
joints proof against surface water percolation and possesses a 
certain resilience desirable in construction of this kind subject 
to vibration or shock. It is claimed that in the construction 
of the extension of the London Passenger Transport Tubes a 
saving of some 60 per cent, on the cost of heavier cast iron 
segments originally used was made. 

Tubular linings made of the same material are in the form 
of a complete ring having an outside diameter of 7 ft. 6 in., 




Fig. 231.—^Details of pre-cast lining frames for stepped tunnel 
entrances. 
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inside 7 ft. ’2 in., the internal diameter of the bolting ring being 
6 ft. 8 in. and the weight 4 cwt. per section. Radial sections 
are available, permitting of adaptation for entrances, curves, 
etc. These tubular linings are, however, recommended for the 
more shallow type of shelter buried no more than 17 ft. below 
the surface and covered as necessary with protecting slabs or 
deflectors at ground level. 

STEPPED ENTRANCES FOR TUNNEL SHELTERS 

Except in the hands of experts, the construction of stepped 
entrances to tunnel shelters is an exceedingly difiicult operation. 
Fig. 231 indicates how pre-cast reinforced concrete lining 
segments can be used with advantage. 

It will be seen from these illustrations that as soon as the 
work of excavation in the heading has proceeded some 3 ft. 
beyond the last placed section, there is ample room for a new 
one to be wedged into position by two men and an interlocked 
lining is thus immediately produced. The grouting operation 
is as shown in the illustrations. By the use of such pre-cast 
units, no temporary timbering will be necessary, since the 
linings themselves designed on the rigid frame principle afford 
the necessary protection during the progress of the work. 

Rectangular sectional entrances are the best, and if the 
width is no more than half the height there will be no difficulty 
experienced in carrying the sections through the completed 
tunnel as required. 

LARGE DEEP SHELTERS 

Fig. 232 shows a proposed shelter designed by Tecton for 
the Finsbury district. The main criticism that has been 
directed against such deep shelters is that it would be dangerous 
to concentrate so many people in one spot, that panic might 
ensue when people rushed to the entrances, that people would 
be tempted to remain an unnecessarily long period in the 
shelters, and also that too many people would have far to 
travel to reach them. Construction of such dual purpose 
shelters has, however, much to commend it, especially if they 
are of somewhat smaller dimensions and widely dispersed 
throughout the Metropolis. The Finsbury scheme represents 
the first attempt in this country to provide bomb-proof protec- 
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Fig. 232,—^Design by Tecton for deep shelter for 7,600 persons. 
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tion for the public, but for the reasons already stated such 
provision for more than Class 5 protection for the general 
public has not been officially encouraged. It is true that Class 6 
protection may be provided in control centres in municipal 
A.R.P. schemes, but these are comparatively small shelters 
accommodating possibly not more than 100 persons at one 
time. 

The Finsbury scheme provides for protection in bomb-proof 
shelters for the entire wartime population of the Borough, and 
involves the construction of no less than thirty shelters, var3dng 
in capacity from 7,600 persons in the smallest to 12,600 in the 
largest. 

Fig. 232 shows a shelter of the smaller capacity. It is 
circular on plan with a diameter of 120 ft., and is of multi-floor 
construction with ramped passages for entrance and exits and 
inter-floor connections. The roof slab is designed to give 
protection against direct hit by J-ton bombs, and is, of course, 
easily increased in thickness to resist bombs of heavier calibre. 
The roof is of the sandwich construction, but from what has 
already been said it will be evident that economies could be 
effected by increasing the thickness of the roof slab itself and 
doing away with the burster course. It is calculated that the 
7,600-person type of shelter wfll accommodate 150 cars. The 
cars could easily negotiate the spiral ramp, which has .an 
outside diameter of about 80 ft., excluding the portion which 
is sub-divided by baffle walls. The system of construction 
devised by Mr. Ove. N. Arup is an ingenious one. 

Excavation is first carried out over the entire area of the 
shelter down to the depth of the soffit of the top protection. 
Reinforced concrete piles are then placed in position on the 
centre lines of all the columns in the construction. The top 
slab is then concreted on the ground and excavation continued 
underneath it down the spirals from floor to floor, each floor 
being cast on the excavated ground surface as the work 
proceeds. A hole is, of course, left in the centre of the roof 
slab for the removal of excavated material, and this is afterwards 
filled in. 

When the slab has set excavation proceeds beneath it, 
exposing the piles, which then function as columns supporting 
the floor slabs. The whole process is a continuous one until 
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the bottom level is reached, the outer walls are constructed 
as the work proceeds, and when the whole structure has been 
carried downwards to the required depth the piles are encased 
with additional concrete, so that they will safely support the 
superimposed loads on the floors and the considerable weight 
of the sand layer and detonating slab which are then put in 
position on top of the roof. It is claimed that by this method 
of construction practically aU shoring and shuttering is 
eliminated, and also that once the top slab is cast the work is 
able to proceed independently of weather conditions. It is 
estimated that the shelter could under normal working con¬ 
ditions be completed in eight months, and that the cost of the 
structure, exclusive of ventilating and other equipment, is 
estimated at £6 per head if |-ton bomb protection is provided, 
and only £'/ 4s. per head if the protection is increased to resist 
i-ton bombs. It is further claimed that a shelter of the type 
described, complete with protection against a I-ton bomb and 
with all mechanical equipment, would cost no more than 
£10 los. per head. 

Fig. 233 gives general details of the Schindler stronghold, 
which was described by Mr. C. F. de Steiger, F.A.R.P.I., in 
his paper before the General Meeting of the Institute on 
November 8th, 1938. As will be seen from the illustration, 
this stronghold is sunk below ground level, the entrance being 
effected by tunnels either from the open or from neighbouring 
buildings. The shelter will be seen to contain four floors, the 
various sections being reached by a central staircase around 
the central waste air chimney. In constructing the stronghold, 
the grouhd is excavated to the depth of the intended earth 
cover over the completed structure and the lowest storey of 
the external walls is then forme’d in in situ reinforced concrete 
with a cutting edge on the bottom. Excavation then proceeds 
within the protection of this ring and the external wall gradually 
sinks down to its correct level; additional concrete being 
applied to the wall within shding shuttering as the sinking 
process proceeds. 

When the external wall is in its final position the inverted 
dome at the base is concreted on the excavation shaped 
appropriately to receive it. The floors are then constructed, 
leaving the spaces indicated on the drawing, and utilised 
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(1) Air Lock 

(2) Undressing Room 

(3) Shower 

(4) Dressing Room 

(5) Hospitsd 

(6) Kitchen 

(7) Plant 

8) Fresh Water Tank 

9) Waste Water Sump 

(10) W.C, 


(11) Fresh Air 

(12) Waste Air 

(13) Trap Door 

(14) Sink 

(15) Cooker 

(16) Lav, Basin 

(17) Hot Water Boiler 

(18) Bench 

(19) Tip-up Seat 

(20) Mattresses 


SCHINDLER STRONGHOLD 

(STANDARD TYPE) ..... 

Fig. 233.—Details of the standard type of Schindler stronghold. 

{Courtesy A .R.P, Inst.) 
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respectively for water sumps, tanks, etc. The cost of con¬ 
structing a standard Schindler stronghold for 200 people 
amounts to £15 to £20 per head. The smallest type of Schindler 



© ENTBANCE. GAS LOCK i 06SER*! POST. ® SPARES. TOOLS ETC. 

@ GAS PROOF STEEL DOOR. @ WATER SUPPLY 15 GALLONS. 

(D OBSERVATION PEEP HOLE. ® MANHOLE WITH GASPROOF COVER 

© SHELTER ROOM. 12-16 PEOPLE. @ BUNITE OR STEEL SHELL. 

® VENTILATION PLANT* FILTER. (i§) REINPOHCED CONCRETE. 

SCHINDLER STRONGHOLD 

(SMALLER type) 

Fig. 234.— Small Scliindler surface bomb-proof shelter. 

{Courtesy A.R.JP. Inst.) 

stronghold, combining a conical shape above ground and a 
spherical shape below ground, giving an equal resistance all 
round, has been evolved and is illustrated in Fig. 234. These 
shelters are made with permanent steel forms inside to accom¬ 
modate twelve to fifteen people, and are said to cost approxi- 
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mately ^^32 per person accommodated. This price is including 
permanent steel lining, reinforced concrete work and all 
installations. 


STRONGHOLDS IN NEW BUILDINGS 

Figs. 235, 236 and 237 give a general outline showing the 
construction of the stronghold installed below the tower of the 



Fig. 235.—^Plan showing arrangement of stronghold under tower of 
factory building on Great West Road, London. 

(Courtesy A.R.P. InsL) 


factory for Messrs. Simmonds Aerocessories Ltd. on the Great 
West Road. The architects for the building were Messrs. 
Wallace Gilbert and Partners, and the consulting engineer for 
the reinforced concrete design was Mr. C. F. de Steiger, 
F.A.R.P.L The work was carried out by Messrs. John Laing 
& Sons Ltd. It will be seen from the section that the 8 in. 
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reinforced concrete floor, described as the main floor, is designed 
to deal with the collapse of the building, and therefore affords 
Class 5 protection for employees or the public admitted to the 
space between it and the stronghold below. 

The stronghold is constructed under the tower of the building, 
which comprises nine floors and which would therefore afford 
considerable protection to the stronghold beneath. Sheet 
piling was used to enable the footings to be carried down to 
the blue clay 20 ft. below ground level and some 18-ft. below 
normal standing water level in the land. 

The arrangement of the shelter is as shown on the plan 
reproduced in Fig. 235, from which it will be seen that the 
external walls are 2 ft. 6 in. and 2 ft. 9 in. thick, the internal 
walls I ft. 6 in. thick supporting a roof 2 ft. 6 in. thick. All 
concrete is reinforced in three directions and vibrated into 
position, the general arrangement of some of the reinforcement 
being shown on the photograph reproduced in Fig. 257. A 
description of this stronghold was given by Mr. G. R. Falkiner 
Nuttall, M.A., A.M.Inst.C.E., in his paper on '' The Planning 
of Shelters in Buildings for A.R.P.,"' given before the Air Raid 
Protection Institute on October nth, 1938, and readers are 
referred to this paper for further information. The stronghold 
provides in all for the accommodation of 1,000 people, and the 
cost is approximately £20,000 complete with equipment. • 

DUAL PURPOSE STRUCTURES 

Garages 

Proposals have been made from time to time that under¬ 
ground car parks or garages should be constructed in such a 
way as to provide accommodation for the pubhc as air raid 
shelters, and in most cases hitherto it has been found difficult 
to justify the expenditure on economic grounds in peace time. 
In the case of public garages it will be found that the necessity 
for quick service and the avoidance of congestion and the 
reduction in handling costs necessitate the retention of a 
certain amount of free manoeuvring space, and as a result it 
will be found that the various arrangements of floors and 
inter-floor connections require the following approximate gross 
area per car accommodated :— 
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Table XCVII 


Straight one-way ramp system 

242 sq. ft. per car. 

Straight two-way ramp system 

290 „ 

Staggered floor system .... 

218 „ 

The elliptical ramp system 

278 „ 

Spiral ramp system .... 

260 „ 

Double spiral ramp system 

243 

Spiral garage ..... 

230 „ 

Circular garage with mechanical turntable 

150 „ 

Traverser floors ..... 

180 ,, 

It wiU therefore be seen that one way of securing the 

maximum accommodation in a given 

area is to utilise 

mechanised parking. 

In connection with the Baldwin-Auger mechanised system 


a survey has recently been made of a great number of sites, 
suggested as suitable for dual-purpose structures, and it has been 
found that in a large proportion of the sites examined conditions 
prevailed which permit undertakings to be financially sound. 
It may safely be said that there are in the congested traffic 
areas of London and the principal cities and towns of the 
United Kingdom some 600 sites which could be economically 
developed in this manner. Fig. 238 indicates pictorially the 
Baldwin-Auger mechanised parking system, and it will be seen 
from this illustration that the cars are parked on longitudinal 
conveyors, there being cross-traversers at the ends. The car 
is placed on the conveyor at the service end, and the engine is 
then stopped and is not required to be started again until it is 
brought automatically to the end of the conveyor when 
required to be driven away. The illustration shows an 
attendant dialling the appropriate number for the car to be 
brought to the end. The operation is for the right-hand 
conveyor to move forward and the left-hand conveyor to move 
backwards ; the cross-traverser at the end coming into opera¬ 
tion as required and the whole mechanism stopping when the 
appropriate car is brought to the end ready for removal. It 
■v^l be seen that by this special arrangement the supporting 
walls “ C ” can be as close as 15 ft. c/c, thus providing adequate 
support for the roof, which can be of any desired thickness to 
give the degree of protection called for. The arrangement also 
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automatically divides the interior of the garage into a number 
of segregated compartments, which in an emergency could 
well be used as shelters. 

Fig. 239 shows a typical plan; the part above the centre line 
shows the underground space arranged as a mechanised car 
park and the lower part of the plan shows the same structure 



%is rearrangement of the cars is entirely confined to the floor space upon which the cars are 
actually parked, and does not involve the use of any additional space whatsoever, even though 
the bay is packed to capacity. 


Fig. 238.—^Pictorial representation of the Baldwin-Auger Parking 
System. 

arranged as an air raid shelter. The car park accommodates 
171 cars, and when adapted as a shelter provides protection 
for 3,300 people on a basis of 6 sq. ft. of floor area per person. 
Each bay would accommodate nineteen cars and the mechanism 
can deliver a car every thirty-two seconds to the through-way. 

One attendant can operate five bays (ninety-five cars) 
without leaving a beat of 25 yards. There is no driving except 
on the through-way. Once a car has been parked it is not 
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approachable by any driven car, and is therefore safe from 
damage. Regarding the operational economies, it is claimed 
that there is a reduction in the illuminated area, a reduction 
in the ventilated area, a reduction in the operating staff, 
minimised fire risks, freedom from accidents and a very 
considerable saving in handling time. It is claimed that 



Fig. 239.^—Typical plan of garage with mechanised parking —above centre 
line, arranged as a garage —below centre line arranged as a shelter. 


compared with conventional methods the Baldwin-Auger 
system gives speedier and safer parking at a lower operational 
cost. 

In respect of financial economies for the system, it is claimed 
that the structural cost per car and operation expenses have 
been reduced to a figure which can be covered by earnings, and 
that capital can therefore be obtained from ordinary invest¬ 
ment sources without imposing a charge upon the taxpayer. 
As an example, it may be stated that a car park under Leicester 
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Square on a conventional arrangement would accommodate 
no more than 200 cars, but as a mechanised park it would take 
350. In round figures the revenue from 350 cars at per 
hour would be 13s. per hour, or, say, £40 per day of twelve 
hours—over £12,000 per annum. The cost of operating would 
be 40 per cent., making a nett return of over £7,000 per annum. 
The capital cost of the Class 6 bomb-proof structure would be 
of the order of £135,000, interest on which at 5 per cent, would 
be £6,730. It is claimed that this form of structure has one 
peace-time purpose—^in the rehef of traffic congestion by which 
the revenue derivable would service the cost of operation on 
the capital cost of construction, and also it would offer two 
possible purposes in war-time :— 

1. As a shelter for personnel. 

2. As a reservoir for water. 

Should the demand for a reserve supply of water be con¬ 
sidered more important than the provision of a shelter for 
personnel, it would be easy to flood the structure to a height 
of 8 or 10 ft. from the floor, and the structure could then be 
made to hold some 6,000,000 gallons of water, as a local reserve 
for the prevention of fires caused by incendiary bombs and for 
general domestic use if the normal service fails to function. 
In this case it would only be necessary for water-tight gates to 
be installed in an emergency at the ends of the bays, so that 
a number of separate reinforced concrete tanks would thus be 
provided, and if some of these were damaged the whole contents 
of the reservoir would not be lost. There is no doubt that this 
type of structure offers very considerable scope for develop¬ 
ment, and it is interesting to note that an tmderground car 
park cum shelter has been constructed in Cardiff with this 
mechanised system installed. The shelter will be used for a 
car park, above which gardens will be laid out, and is situated 
in the centre of the new Civic Square. 

This car park accommodates 500 cars and will provide 
shelter for up to 3,000 persons. Essential services as required 
by the municipality are installed, and ordinary access and 
egress is by means of ramps which are provided with air-locks 
at the comers, whilst emergency ladder escapes are provided 
on the three sides. The architect for the work was Mr. Sydney 
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Clough, F.R.i.B.A., and the contractors Messrs. B. Sunley & 
Co. Ltd. 


HOSPITALS 

Provision of at least Class 6 protection to a large part of 
the accommodation in city hospitals will sooner or later be 
necessary, and Fig. 340 shows the author’s suggestion in this 



_ _ _ 

Fig. 240.—Showing bomb-proof and shock-proof hospital ward. 

connection. There seems to be little point in providing 
structural protection against the impact of a J-ton bomb if 
there is no provision made for the elimination of the vibration 
and noise which would accompany such impact. There is no 
doubt that the concussion brought about by direct impact of a 
high explosive bomb on a shelter would cause very serious 
nervous shock to the occupants, and in any hospital accommo¬ 
dated in a bombed area it is, in the opinion of the author, very 
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necessary to make provision for the eli m ination of the shock 
of concussion. 

It will be seen from the sectional view of the underground 
hospital given in Fig. 240 that it is suggested the whole of the 
interior construction of the wards be supported on spring- 
loaded vibro dampers. This is not by any means a difficult 
problem, as standard appliances at present used for the elimina¬ 
tion of vibration from engine beds could easily be utilised. 
It will also be seen from the sketch that the air space aU round 
the inner construction has been somewhat increased from the 
proportions given in Fig. 219 in order to provide access to the 
vibration damping devices. The top of the protector slabs 
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Fig. 241.—Section througli spring isolator. 


could quite well form the ground floor of a building, a road 
surface, car park or could support 4 or 5 ft. of earth in public 
gardens. The construction is simple, there being reinforced 
concrete supporting walls at 22 ft. c/c pierced at intervals for 
bridge connections between the wards. Assuming beds are 
installed in wards 13 ft. wide at 7 ft. c/c, the approximate 
cost of the structure would work out at £400 per bed. Many 
of the most distinguished physicians and surgeons in this 
country have expressed the view that to prevent a complete 
breakdown of the medical organisation in war-time raid-proof 
clearing stations must be constructed, and Fig. 240 indicates 
one way in which this might be accomplished. 

Fig. 241 gives sectional details of a suitable spring-isolator, 
in which the housing of the dcimping device is fixed 
independently to the foundations. 
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Fig. 242 shows the relation between the transmissibility and 
the frequency ratio. From this it will be seen that when the 
ratio of forced to natural vibrations is i, i.e., when the natural 
frequency of the load on its elastic support corresponds with 
that of the vibration to be isolated, a condition of resonance 
obtains, and the vibration transmitted will be three times that 



R.ATIO OF FOR.CED TO NATUR.AL FfLEQUENCIES. 

GFA.APH SHEWING THE KELATION BETWEEN THE 
TR-ANSMISSIBILITY 6 THE FB.EQUENCY RATIO. 

NOTE: MOST MACHINE'FORCED'VIBRATIONS ARE BETWEEN 90-160 CYCLEV'SIC 

Fig. 242. 

of the load resting direct upon the foundations without an 
isolator. 

It will also be seen that when the frequency ratio is 3 or 
more, there will be very little of the forced vibration trans¬ 
mitted through the device. 

Earth tremors as a result of bomb bursts are expected to be 
similar to those brought about by seismic effects, and may be 
anything between 10 and 30 cycles per second. It would 
therefore be desirable to load the vibration-isolators to a 
natural frequency of i to 2 cycles per second in order to ensure 
shock elimination. 











CHAPTER XII 


THE STATUTORY BASIS OF A.R.P. 


Generally 

The Government’s policy for protection of the civil popula¬ 
tion against the hazards of aerial bombardment is laid down 
in the many official pubhcations referred to in this volume and 
enumerated in Appendix IV. 

The statutory obligations imposed upon local authorities, 
landowners and employers to provide certain standards of 
protection and the terms upon which grants will be made 
towards the cost are matters which can only be understood by 
a study of the principal provisions of the Air Raid Precautions 
Act of 1937, the Fire Brigades Act of 1938, and the Civil 
Defence Act of 1939, together with any statutory regulations 
or bye-laws drawn up under them. 

It is therefore the author’s endeavour in this chapter to 
draw up a concise reference to the Government’s shelter policy, 
both as regards technical requirements and legislation. 

The Government have decided that Class 5 protection would 
best suit the conditions in this country, and have only conceded 
the desirability of providing Class 6 protection in special cases, 
such as in the construction of A.R.P. control posts in evacuation 
areas. 

The code lays down the standards of protection and 
the Government have made provision for financing such 
protective measures. 

Lower standards than those prescribed will not qualify for 
grant, neither will the grant be increased to include the cost 
of the provision of a standard of protection higher than that 
laid down. 

There is, of course, nothing to prohibit the construction of 
standards higher than the minima specified or to prevent 
official revision of the code at present laid down. 

Work to qualify for grant must have been commenced by 
September 30th, 1939. 

C.D 465 H H 
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THE AIR RAID PRECAUTIONS ACT, 1937 

An Act to secure that precautions shall he taken with a view to the 
protection of persons and property from injury or damage 
in the event of hostile attack from the air. 22/12/37. 

DIGEST 

Functions of Local Authorities 

Section 1.—Duty of certain Local Authorities to prepare and 
submit Air Raid Precaution Schemes 

(i) (2) County Councils are to prepare Air Raid General 
Precautions Schemes in collaboration with local district 
councils; but with the approval of the Secretary of State. 
Borough or Urban District Councils naay prepare such schemes 
for their districts. 

(3) Air raid fire precautions schemes are to be submitted 
to the Secretary of State by Borough, County Borough and 
Urban Councils, but Rural Councils may also submit air raid 
fire schemes. 

(4) The Secretary of State will prescribe what matters are 
to be included in schemes and may dispense with submission 
of schemes relating to any particular matter. 

(5) Separate schemes for different matters or for different 
areas may be submitted or may be required. 

(6) A council having submitted a scheme may arrange -with 
another council—also required to submit a scheme—to carry 
out the functions as an agent. 

(7) Any scheme may make provision for some expenditure 
to be dealt with as special county expenditure. 

Section 2.—Application of Section 1 to London 

(1) Section i to apply to the Administrative County of 
London subject to the Secretary of State allocating matters 
for schemes to the L.C.C., the Common Council of the City, 
and the Metropolitan Borough Councils. 

(2) In London the L.C.C. will deal with the air raid Fire 
Scheme. 

(3) The Common Council of the City of London is to be 
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included with, the Metropolitan Borough Councils under 
Section 47 of the Local Government Act, 1933, for the purpose 
of carrjdng out the functions under the A.R.P. Act, 1937. 

Section 3.—Approval, Effect and Amendment of Air Raid 
Precaution Schemes 

(1) Approved or amended- schemes take effect from the date 
provided therein. 

(2) Local authorities must discharge their duties under 
approved schemes. 

(3) Any scheme may be amended by re-submission. 

Section 4.—Duty of Local Authorities to Co-operate and Power 
to Act Jointly 

(1) Local authorities must co-operate but not form joint 
committees or delegate functions unless with express approval 
of Secretary of State. 

(2) The Secretary of State may direct formation of joint 
committees. 

Section 5.—Compulsory Purchase of Land 

Local authorities may order compulsory acquisition of land 
for A.R.P. purposes if confirmed by Secretary of State. 

Section 6.—Duty of Local Authorities to Assist in Arrange¬ 
ments for Evacuation 

Local authorities to furnish Secretary of State any local 
information required in preparation of Government scheme for 
evacuation. 


Financial Provisions 
Section 7.—Expenditure by Local Authorities 

(1) Any local authority may incur expenditure on A.R.P., 
whether or not covered by submitted scheme. 

(2) Any such expenditure since July gth, 1935, deemed 
lawfully incurred under the Act. 

(3) Metropolitan Borough Councils may borrow money for 
A.R.P. imder this Act with the sanction of the Ministry of 



468 


CIVIL DEFENCE 


Health, and not the L.C.C., except where expenditure relates 
partly to works for which money is borrowed with L.C.C. 
consent under some other Act. 

Section 8.—Exchequer Grants 

(1) Grants will be made by the Treasury as laid down in the 
Schedule (para, i), infra. 

(2) Grants paid subject to audit. 

Section 9.—Expenses payable out of Moneys provided by 
Parliament 

Expenses incurred by Secretary of State with consent of 
Treasury on performing all functions covered by this Act will 
be provided by Parliament. 

Section 10.—Investigation of Working of Financial Provisions 
The Secretary of State will, before December 32nd, 1940, 
examine the financial arrangements, particularly in relation to 
local rates, and report to Parliament. 

Supplementary 

Section 11.—Regulations and Orders by the Secretary of State 

(1) Secretary of State with concurrence of Treasury may 
make regulations providing for equipment, loans, gifts or sales 
and for approval of local expenditure. 

(2) Any order by the Secretary of State may be varied or 
revoked by a subsequent order by him. 

(3) Parliament may confirm or annul any such order within 
twenty-eight days. 

Section 12.—Interpretation 

Defines “ approved expenditure ” as that part of local 
authority expenditure approved by Secretary of State under 
this Act, and “ Local Authority " as including any authority 
having power to levy, a rate. 

Section 13.—^Application to Scotland 
Modifications of the Act so as to apply to Scotland. 
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Section 14 .— Provisions as to Northern Ireland 

Confirms that Parliament of Northern Ireland has power to 
make laws for A.R.P. 


Table XCVIII 

SCHEDULE TO THE A.R.P. ACT, 1937 

Calculation of Exchequer Grants towards 
Approved Expenditure 


Weighted population. 
Estimated population. 

Percentage of Approved Expenditure paid by Exchequer 
to County Councils, County Boroughs and County 
Districts. 



If Balance greater than id, rate, 
additional grant. 

Up to 1-5. 

1- 5-2-5 • 

2- 5-4-0 . 

Exceeding 4-0 . 

.60 per cent. 

65 

70 

75 

75 per cent, of balance. 

i> >> 

85 

a if 


Percentage paid to City of London and Metropolitan Boroughs 


i 

If Balance greater than id. rate, 
additional grant. 

Up to 1-25 

I-25-I-50 

1.50-1.73 

Exceeding 175 

6o' per cent. 

65 

70 

75 

75 per cent, of balance, 

a if 

85 

it tr 


THE RATING AND VALUATION (AIR RAID 
WORKS) ACT, 1938 

An Act to provide for relief from rates in respect of air raid 
protection works. 29/7/38. 

Section 1 .— Relief of Air Raid Protection Works from Rates 

(i) In rating a hereditament no'regard shall be had 
[a) To any room or other part added solely for air raid protec¬ 
tion and not occupied or used for any other purpose. 
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{b) Any structural alterations or improvements solely for 
air raid protection. 

(2) No person shall be liable for rates on any premises used 
solely for A.R.P. purposes. 

(3) Any room or part of a hereditament as referred to above, 
having been used for purposes other than air raid protection 
renders it liable for rates. 

Section 2.—Citation and Construction 
Appropriate acts on this matter construed as one. 

FIRE BRIGADES ACT, 1938 

An Act to make further provision for fire services in Great Britain 
and, for purposes connected therewith. 29/7/38. 

Fire Authorities 

Section 1.—Provision of Fire Services 

(1) Every county borough and every county district referred 
to as a “ fire authority ” shall make provision for the extinction 
of fires and the protection of life and property by securing— 

{a) the services of such brigade and fire engines, appliances 
and equipment as may be necessary ; 

(6) training of the fire brigade ; 

(c) arrangements for calling the fire brigade, summoning 

the members and manning the fire engines ; 

[d) arrangements for obtaining information of the character 

of the buildings and other property, available water 
supplies and means of access thereto, 
the services secured under this subsection are referred to as 
“ local fire services.” 

(2) The Secretary of State may prescribe standards of 
efficiency according to the requirements and facilities of the 
locality and any fire authority whose fire services are of a 
standard so prescribed shall be deemed to have complied with 
the provisions of the foregoing subsection. 

(3) A fire authority may secure local fire services by them¬ 
selves providing and maintaining such services or by arranging 
for the provision and maintenance, by other fire authorities or 
person. 
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(4) An officer authorised by the authority shall, for carrying 
out arrangements as are mentioned in paragraph (d) (i), have 
the like powers of entering premises as conferred upon 
authorised officers of councils by the Public Health Act, 1936. 

(5) Every fire authority shall arrange with other fire 
authorities for assistance by those authorities in dealing with 
fires occurring in the borough or district which cannot 
adequately be dealt with by the local fire services. The 
Secretary of State may prescribe scales of payments to be 
made, unless otherwise agreed, by the authority receiving the 
assistance. 

(6) A fire authority shall have power— 

(a) to provide accommodation for any fire brigade, fire 

engines, appliances or equipment serving their borough 
or district, including housing and other accommodation 
for members of any fire brigade and furniture 
reasonably required; 

(b) to purchase compulsorily by an order made by the 

authority and confirmed by the Minister of Health 
any land required for their functions ; 

(c) to pay to any persons who render services such rewards 

as they think fit, which in the case of members of a 
fire brigade may be in addition to their remuneration ; 

(d) to employ a fire brigade maintained by them and any 

equipment outside their borough or district; and 

(e) to make payments for fire services provided by another 

fire authority or other person. 

(7) Where a fire authority who are the council of a borough 
having a separate poHce force, delegate to the watch committee 
their functions the watch committee may employ the chief 
officer of police, and assistant chief constable or the deputy 
chief constable on administrative duties with a fire brigade 
maintained by that authority and employ other constables as 
members of the brigade: From the expiration of a period of 
five years from the passing of this Act, no such other constables 
shall be employed as part-time members of a fire brigade. 

(8) A fire authority may provide and maintain .fire alarms 
in any street or public place after consultation with the chief 
officer of police and any fire alarm may be affixed to any wall 
or fence adjoining a street or public place : 
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Provided that— 

{a) a fire authority before exercising its powers in relation 
to any trunk road shall consult with the Minister of 
Transport, and, in relation to any county road main¬ 
tained by a county council, shall consult with the 
county council and shall not obstruct or render less 
convenient the access to any station or goods yard 
belonging to a railway company, or any premises 
belonging to other statutory undertakers ; 

(i) nothing in this subsection shall affect any privilege 
conferred on the Postmaster-General by the Telegraph 
Act, 1869. 

Section 2.—Fire-Hydrants and Water Supply in Case of Fire 

(1) Every fire authority shall provide and maintain fire- 
hydrants necessary for using the available supply of water and 
the situation indicated. 

(2) The provisions of the Waterworks Clauses Act, 1847 
(which require undertakers to provide and maintain fire- 
hydrants) shall have effect as if for the references to the town 
commissioners there were substituted references to the fire 
authority. 

(3) Where any fire-hydrant which is being maintained at the 
expense of a fire authority is damaged as the result of any 
person using the hydrant (otherwise than for fire brigade 
purposes) with the authority of the water company or person 
to whom the hydrant belongs, the fire authority shall not be 
liable for the cost of repairing or replacing the hydrant. 

(4) Any person who uses a fire-hydrant, otherwise than for 
its purpose, or damages or obstructs any fire-hydrant, shall be 
liable to a fine not exceeding ten pounds. 

(5) At least seven days before any fire-hydrant is placed 
in any street, notice shall, be given to the authority and at 
least seven days before any works affecting any fire-hydrant 
are commenced, notice shall be given to the fire authority. 

(6) A fire authority may enter into agreements with any 
water company for the provision of an adequate supply of 
water. 

(7) A fire authority may use any supply of water, but shall 
pay reasonable compensation: 
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Provided that nothing in this subsection shall affect the 
duty of undertakers by supplying water for the said purpose 
without compensation. 

(8) Every council who are a fire authority shall take steps 
to improve the access to any water supply which may be 
required. 


Section 3. —Power of Fire Authority to require Proposed 
Water Works to be constructed in Manner Specified by 
them 

(1) Where a person proposes to carry out works for the 
purpose of suppl3dng water to any part of the borough or 
district of a fire authority, he shall give notice in writing to 
the authority and the authority may give notice to that person 
requiring him to carry out the works in a manner specified by 
the authority for securing the best supply of water. 

If he is aggrieved by the requirements of the authority he 
may appeal to the Minister of Health. 

(2) A fire authority shall repay to the person carrying out 
the works the extra expenses incurred by him in compl3dng 
with their requirements and repay to him any expenses incurred 
in repairing or maintaining the works and if any question 
arises as to the amount of payment to be made that question 
shall be determined by an arbitrator appointed by the Minister 
of Health and the decision of the arbitrator shall be final. 

(3) If any person required to carry out works carries them 
out otherwise than in accordance with the requirements of 
the authority, he shall be liable to a fine not exceeding fifty 
pounds and the court may, in addition, order him within the 
time specified in the order to take steps for remedying the 
matters, and if he fails to comply with the order he shall be 
liable to a fine not exceeding five pounds for each day on which 
the default continues. 


Section 4.—Expenses of Rural District Council in connection 
with Fire-Hydrants and Water Supply 

The expenses of a rural district council under sections two 
and three of this Act shall be general expenses of the council. 
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Section 5.—No Payments to be made by Owners and Occupiers 
in respect of Certain Fire Services 

A fire authority shall not require the owners or occupiers 
of property on which fires occur to make any pa5Tnent. 
Provided that this section, so far as it relates to the powers 
of fire authorities to require payments in respect of the expenses 
of fire brigades in attending fires outside the borough or district 
of the authority by whom the brigade is maintained, shall not 
come into operation until two years from the passing of this 
Act. 

Section 6.—Cessation of Functions and Transfer of Property 
of Parish Authorities 

(1) Six months from the passing of this Act, the functions 
of parish authorities shall be transferred to the fire authority 
for the district. 

The Secretary of State may by order postpone the operation 
of this subsection, in relation to any parish to a date as specified 
in the order. 

(2) A fire authority to whom property rights and liabilities 
are transferred shall, if the value of the property and rights 
is more than sufficient to defray the liabilities, pay to the 
parish authority such sum as may be agreed upon or, in 
default of agreement may be determined by arbitration. 

(3) All deeds, bonds and agreements made or entered into 
by a parish authority for the functions shall have effect from 
the date of the transference and may be enforced by or against 
the fire authority; and all proceedings with the substitution 
of the fire authority as party to the proceedings in lieu of the 
parish authority. 

(4) Any question arising under this section shall be deter¬ 
mined, by an arbitrator appointed by the Secretary of State, 
and the decision of the arbitrator shall be final. 

Section 7.—Provisions for Transfer and Compensation of 
Employees of Parish Authorities 

On the date when the functions of any parish authority 
cease to be exercisable, any person who was employed by a 
parish authority for the purposes of those functions, shall be 
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employed by the fire authority in whose district the parish 
is situated on the terms and conditions on which he was so 
employed immediately before that date, and any of his service 
in the brigade of the parish authority, which is approved 
service within the meaning of the Fire Brigade Pensions Act, 
1925, shall be reckoned for the purposes of the Act as approved 
service in the brigade of the fire authority ; and the provisions 
of subsections (2) (3) and (6) of section one hundred and fifty 
of the Local Government Act, 1933, and of the Fourth Schedule 
to that Act shall apply to persons transferred to employment 
by a fire authority under this section as they apply to officers 
transferred under a scheme or order made under the said 
section one hundred and fifty, with such adaptions as may be 
made by an order of the Secretary of State. 

Co-ordination of Fire Services 
Section 8.—^Appointment of Fire Service Commission to 
Report on Fire Services 

(1) A Commission shall be constituted to be called “ the 
Fire Service Commission ” for considering the arrangements 
made for assistance for dealing with fires, and of reviewing 
the fire services provided by fire authorities and reporting to 
the Secretary of State on the matters. 

(2) The provisions of the First Schedule to this Act shall 
have effect with respect to the constitution and proceedings 
of the Fire Service Commission. 

(3) The Fire Service Commission may hold such local 
inquiries as they think fit and subsections (2) and (3) of section 
two hundred and ninety of the Local Government Act, 1933, 
shall apply to such inquiries. 

Section 9.—Schemes for Co-ordination of Fire Services 

(i) If the Fire Service Commission report that adequate 
arrangements have not been made for assistance they may 
submit to the Secretary of State a scheme (referred to as a 
“ co-ordination scheme ”) ensuring the provision of such 
assistance : 

Before submitting any co-ordination scheme, the Com¬ 
mission shall give an opportunity to all fire authorities affected 
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to make representations and shall submit any such representa¬ 
tions together with the scheme. 

(3) Payments in respect of assistance provided under the 
scheme shall be made out of a common fund to which the 
fire authorities shall contribute in such proportions as may 
be specified in the scheme, on a scale prescribed by the Secretary 
of State. 

(3) A co-ordiiiation scheme may contain such provisions 
requiring uniformity of apphances and equipment for the 
purpose of ensuring that the fire brigades affected will be able 
to render efficient assistance. 

(4) A co-ordination scheme shall come into operation when 
approved by the Secretary of State and when a scheme has 
been so approved, it shall be the duty of the fire authorities 
to carry it into effect and arrangements made under sub¬ 
section (5) of section one of this Act which are not in con¬ 
formity with the scheme shall cease. 

(5) If at any time the Fire .Service Commission, after con¬ 
sultation with the fire authorities affected, submit to the 
Secretary of State proposals for amending any co-ordination 
scheme, the Secretary of State may amend the scheme in 
accordance with the proposals, subject to any modifications 
which he may think fit. 

Section 10. —Power of Fire Service Commission to recommend 
Provision of Local Fire Services for any District by another 
Fire Authority 

(1) Where any fire authority have requested another fire 
authority to provide the whole or any part of the local fire 
services for the borough or district of the first named fire 
authority, and the other fire authority are unwilling to provide 
such services, or the authorities cannot agree as to the extent 
of the services to be provided or the terms on which they are 
to be provided, the first named fire authority may make an 
application to the Fire Service Commission. 

(2) If the Fire Service Commission, after holding a local 
inquiry, are satisfied that it is securing greater efficiency and 
economy, if the whole or any part of the local fire services for the 
borough or district of the applicant fire authority be provided, 
they may recommend to the Secretary of State that such local 
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fire services shall be so provided and the Secretary of State may 
give effect to the recommendations and thereupon it shall be 
the duty of the fire authorities concerned to give effect to the 
order. 

(3) The costs in holding a local inquiry shall be paid by 
such fire authorities as the Commission may direct, and the 
Commission may certify the amount of the said costs. 

Section 11.—Fire Service Boards 

(1) If the Secretary of State is satisfied after two years 
from the passing of this Act that efficient fire services have 
not been provided he may appoint a board to be called “ a fire 
service board.” 

(2) The Second Schedule to this Act deals with fire service 
boards. 

(3) Froni the date of the. appointment of a fire service 
board, no arrangements shall be entered into by the fire 
authorities situated in the area for which the board was 
appointed without the approval of the fire service board. 

Section 12.—Fire Service Area Schemes 

(1) Where a fire service board has been appointed it shall 
prepare and submit to the Secretary of State a scheme (referred 
to as " an area scheme ”) for ensuring the provision and 
maintenance of efficient fire services throughout the area. 

(2) An area scheme shall come into operation when approved 
by the Secretary of State, and when a scheme has been so 
approved, the fire authorities must carry it into effect and any 
arrangements not in conformity with the scheme shall cease to 
have effect. 

(3) If at any time the fire service board after consultation 
with the fire authorities submit to the Secretary of State pro¬ 
posals for amending the scheme, the Secretary of State may 
approve the scheme subject to any modifications which he may 
think fit. 

Section 13.^—Default Powers of Fire Service Boards 

(i) If a complaint is made to the Secretary of State by a 
fire service board that any fire authority have failed to carry 
out the area scheme, the Secretary of State may, after a local 
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enquiry, transfer the functions to the fire service board, and 
while the order is in force the fire service board shall discharge 
those functions in place of the authority. 

(2) A fire service board to whom functions are transferred 
may borrow money for the purpose of meeting any expenses 
incurred and Part IX of the Local Government Act, 1933, 
shall apply, subject to such adaptations as may be made by 
the order transferring the functions. 

(3) A fire service board can order any fire authority whose 
functions have been transferred to the board to pay such 
amounts as will be sufhcient to defray expenses incurred ; and 
any sum for which a precept has been issued shall be a debt 
due to the fire service board. 

(4) Where functions have been transferred, the accounts of 
the board shall be so kept as to show in a separate account 
such income and expenses as are attributable to the exercise 
of functions so transferred. 

(5) Where an order transferring functions is revoked, the 
functions shall again be exercisable by the authority from 
whom they were transferred and the revoking order may 
provide for the transference to that authority, of any property 
rights and liabilities acquired or incurred by the board for the 
purpose of the exercise of those functions. 

Miscellaneous 

Section 14.—Powers of Fire Brigades and Police in Extin¬ 
guishing Fires 

(1) Any member of a fire brigade and any police constable 
may enter and if necessary break into any premises or place 
in which a fire has or is reasonably supposed to have broken 
out, without the consent of the owner. 

(2) Any person who wilfully obstructs or interferes with 
any member of a fire brigade engaged in extinguishing a 
fire shall be liable to a fine not exceeding ten pounds. 

(3) At any fire the senior officer present of the fire brigade 
or any other person in charge of the operations for the extinc¬ 
tion of the fire khall have the sole charge and control of all 
operations and may require the water to be shut off in order 
to give a greater supply, and pressure, and no authority. 
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company or person shall be liable to any penalty or claim by 
reason of the interruption of the supply of water. 

(4) The senior officer of police present at any fire may close 
for traffic any street or may stop or regulate the traffic in any 
street whenever it is necessary to do so. 

Section 15.—Power to Exempt Trailers used for Fire Services 
from Traffic Restrictions 

The Minister of Transport may exempt from the section of 
the Road Traffic Act, 1930, (which restricts the number of 
trailers to be drawn by motor vehicles) ; vehicles used for fire 
brigade purposes. 

Section 16.—Extension of Fire Brigade Pensions Act, 1925, to 
Temporary Firemen 

(1) Where any member of a fire brigade maintained by a fire 
authority who has been a professional fireman or member of 
a pohce force, is wholly but not permanently employed on 
fire brigade duties, and while so employed is incapacitated 
for the performance of his duty he shall receive a pension to 
himself or to his widow and edlowances to his children or 
dependants payable under the Fire Brigade Pensions Act, 
1925, as would have been payable if he had been a professional 
fireman when incapacitated, but based on his current rate of 
pay and his service with the brigade since he last joined it. 

(2) Where any special pension is payable to a person to 
whom an ordinary pension is already payable, the special 
pension shall be in addition to his ordinary pension, but no 
increase made in respect of service and the aggregate amount 
of the two pensions shall not exceed his annual pay at the 
date of his retirement. 

(3) Where pensions, allowances, or gratuities are payable 
under any local Act to members of a fire brigade the Secretary 
of State may direct that the provisions of this section shall 
apply with respect to that fire brigade with such modifications 
as he considers necessary. 

Section 17.—Definition of ‘ ‘ Fire Brigade Duties ” for purposes 
of Fire Brigade Pensions Act, 1925 

For the purposes of the Fire Brigade Pensions Act, 1925, 
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and this Act, the expression " fire brigade duties " includes 
any of the following duties ; that is to say :— 

(a) duties carried out on the direction of the fire authority 
in connection with fire prevention ; 

{b) duties in connection with the construction, repair or 
maintenance of any fire engines, or of any vehicles, 
appliances or equipment used for fire brigade ambulance 
or police purposes, or duties consisting of the driving 
or manning of ambulances ; and 
(c) other duties ancillary to or connected with fire brigade 
purposes. 

Section 18.—Central Advisory Council for Fire Services 

(1) The Secretary of State shall appoint a Council called 
the Central Advisory Council for Fire Services ; and 

(2) May make provision with respect to the constitution 
and proceedings of the Council. 

Section 19.—Appointment of Inspectors 

The Secretary of State may appoint paid inspectors for the 
purpose of this Act. 

Section 20.—Establishment of Training Centre 

The Secretary of State may establish a training centre for 
fire brigades and the expenses incurred defrayed under this 
Act. 

Section 21.—^Loan to Fire Authorities of Appliances provided 
under the Air Raid Precautions Act, 1937 

Regulations made by the Secretary of State under the 
Air Raid Precautions Act, 1937, may provide for the use by 
fire authorities of any equipment, appliances or material 
acquired under the said Air Raid Precautions Act, 1937. 

Section 22.—Power of Secretary of State to require Uniformity 

The Secretary of State may impose requirements as to 
uniformity of appliances, equipment and fire hydrants for 
securing efficient services and rendering efficient mutual 
assistance. 
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SUI’PLEMENTARY 

Section 23.—Notices 

Any notice required or authorised by this Act to be given to 
any person may be given either:— 

{a) by delivering it to that person, leaving it or sending in a 
prepaid letter addressed to him at his usual or last 
known residence; or 

ip) in the case of an incorporated company or body by 
dehvering it to their secretary or clerk at their registered 
or principal office, or by sending it in a prepaid letter 
addressed to him at that office. 

Section 24.—Provisions as to Orders of Secretary of State 

(1) Any order made by the Secretary of State may be varied 
or revoked. 

(2) The Secretary of State shall consult the Central Advisory 
Council for Fire Services and with associations representing 
fire authorities before making any order as regards standard of 
efficiency and unifoimity. 

(3) Any order made by the Secretary of State prescribing 
standards of efficiency and uniformity shall be laid as soon 
as may be before Parliament, and if either House resolves 
that the order be annulled, the order shall be of no effect. 

Section 25.—Power of Secretary of State to hold Inquiries 

The Secretary of State may hold a local inquiry into the 
manner in which any fire authority are performing their 
functions under this Act. 

Section' 26.—Expenses of the Secretary of State, Fire Service 
Commission, Fire Service Boards and Central Advisory 
Council 

All expenses of the Secretary of State incurred for the 
purposes of this Act shall be defrayed out of moneys provided 
by Parliament. 

Section 27.—-Provisions as to London 

(i) The provisions of subsections (3) to (7) of section two 
and the provisions of sections three, five, fifteen and twenty-one 
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of this Act shall apply to the administrative county of Loudon 
and the London County Council and accordingly— 

{a) the references to a fire authority borough or district 
shall be construed as including references to the 
London County Council and the administrative county 
of London, respectively: 

{b) the reference in section twenty-one to this Act shall 
include reference to the Metropolitan Fire Brigade 
Act, 1865. 

(2) The provisions of section one of this Act shall have effect 
so as to enable such fire services to be provided by the London 
County Council and the references in subsections (3) and (5) 
of section one to other fire authorities and the references in 
subsection (4) thereof to a fire authority shall be construed 
as including references to the London County Council; and 
the duty of a fire authority under subsection (5) of section one 
of this Act may be discharged by entering into arrangements 
with the London County Council under section forty-nine of 
the London County Council (General Powers) Act, 1936. 

(3) The London County Council shah have power to purchase 
compulsorily any land required for the purposes of their 
functions under the Metropolitan Fire Brigade Act, 1865, and 
the Local Government Act, 1933. 

(4) The power of the London County Council under the 
Metropolitan Fire Brigade Act, 1865, to permit any part of 
their fire brigade establishment to be employed on special 
services shall include a power to permit such employment 
without requiring any remuneration from the persons to whom 
the services are rendered. 

(5) Save as is in this section provided, this Act shall not 
apply to the administrative county of London or to the London 
County Council. 

Section 28.—Application to Scotland 

The provisions of this section shall have effect for the 
purpose of the application of this Act to Scotland. 

Section 29.—Interpretation 

Section 30.—Short Title, Extent and Repeals 
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CIVIL DEFENCE ACT, 1939 


An Act to make further provision for civil defence and for purposes 
connected therewith. ^3/7/39- 


DIGEST 
Part I 

The Minister 

Section 1.—Transfer of Functions of the Secretary of State 

Enables functions under A.R.P. Act, 1937, and this Act to 
be distributed among the Government Departments. 

Part II 

Public Shelters, etc. 

Section 2.—Designation of Premises 

(1) Where it appears to the local authority that the whole 
or any part of a building is or can be made suitable 

{a) for use as a pubhc shelter; 

(b) for use in carrying out any of their civil defence 
functions; 

the local authority may post in the building or part a notice 
declaring that that building or part may be required for use 
for public purposes of civil defence. 

(2) Where the authority post a notice they shall notify the 
Minister and take steps to bring the contents of the notice to 
the knowledge of the persons having estates or interests in the 
building, and the notice shall be registered as a local land 
charge. 

(3) The local authority may withdraw any such notice by 
posting a notice to that effect in the building. 

(4) A building where a notice under subsection (i) has been 
posted and has not been withdrawn is in this Act referred to as 
“ designated premises.” 

(5) The local authority shall not, without the consent of the 
appropriate department, designate any premises which either— 

{a) are occupied by any public utility undertakers; 
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(b) are situate on land over which any public utility under¬ 
takers exercise any control. 

(6) Where the occupier of any designated premises holds any 
part of the premises on lease, he shall, immediately he becomes 
aware of the designation of the premises, serve upon his 
immediate landlord notice that the premises have been 
designated. 

Section 3.—Appeal from Designation of Premises 

(i) Within fourteen days from the designation any person 
having any estate or interest therein may appeal to the Minister 
against the designation on the ground— 

(a) that the whole or any part of the premises is required for 
purposes of public importance ; or 
{b) that the whole or any part of the premises is required 
for use as a private air raid shelter for the persons in 
the premises. 

Section 4.—Execution of Works 

Where it appears to the local authority expedient for the 
purpose of making designated premises suitable, they may 
themselves execute those works : 

Provided that— 

(a) the local authority shall not begin any such works until 

the period has expired for appealing ; 

(b) before entering on any premises, the local authority shall 

give to the occupier at least fourteen days’ notice. 

Section 5.—Designated Premises to Remain Unaltered 

(1) No person shall, without the consent of the local 
authority— 

{a) make any structural alteration in any designated 
premises; or 

(6) remove or alter any works executed by the local 
authority: 

Provided that, if the authority refuse their consent, the 
applicant may appeal to a court of quarter sessions. 

(2) Any person who contravenes the 'provisions of the 
preceding subsection shall be liable to a line not exceeding 
fifty pounds. 
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(3) Where the court is satisfied that the contravention has 
rendered the premises unsuitable, it may order the local 
authority to charge to the person convicted their reasonable 
expenses of again rendering the premises suitable. 

Section 6.—Compensation where Works are Executed 

(1) Where works are executed under the preceding provisions 
by a local authority, the occupier shall be entitled to recover 
from the local authority compensation for any damage or any 
interference with his use of the premises. 

(2) Where by the execution of any works the usefulness of 
any premises is impaired, the local authority shall pay to the 
occupier periodical sums, payable quarterly in arrear, calcu¬ 
lated by reference to the diminution of the annual value of 
the premises, ascribable to the impairment. 

(3) Where the designated premises cease to be such, the 
payments shall cease, but it shall be the duty of the local 
authority— 

{a) to restore the premises', and 

(6) if, after restoration, the premises are less in value, to 
pay compensation. 

(4) Where a local authority restore any premises, the 
occupier shall be entitled -to recover compensation for any 
damage. 

Section 7.—Powers of Local Authorities to Construct Under¬ 
ground Shelters and other Premises required for Civil 
Defence Purposes 

(1) The local authority may enter on any land, after giving 
twenty-eight days’ notice, and there construct—• 

{a) an tmderground shelter or premises; 

(6) entrances to, and shafts for ventilating, draining, 
lighting and heating. 

(2) Where the authority propose to construct underground 
premises in any protected square, allotment, common or open 
space, or in any land held by the National Trust, 

(u) the authority shall, in addition to giving notice pubUsh 
in a newspaper a notice describing their proposals 
and naming where plans may be inspected free ; 

{b) if, within twenty-eight days, any notice of objection is 
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served on the local authority, the authority shall refer 
to the Minister and shall not proceed unless the 
Minister has approved, either with or without modi¬ 
fication. 

(3) The local authority may construct a shelter under any 
highway: 

Provided that the consent of the highway authority be 
obtained. 

(4) Any shelter or premises constructed by the local authority 
shall vest in the authority, and the authority shall have powers 
of entry. 

(5) The local authority shall pay to any person having an 
estate or interest in any land in which works are constructed, 
compensation in respect of any damage caused. 

(6) The powers conferred on local authorities by this section 
shall not be exercisable with respect to any land occupied by 
public utility undertakers. 

Section 8.—Powers of Local Authorities to Construct Under¬ 
ground Car Parks suitable for use as Air Raid Shelters 

(i) (2) A local authority who have power to provide parking 
places suitable also for use as air raid shelters, exercise the like 
powers as ate exercisable under the last preceding section : 

Provided that the local authority shall have regard to the 
amenities of any unprotected square or land held by the 
National Trust. 

(3) (4) Where the local authority shall 

give notice to the Minister and the Minister of Transport; 

{b) publish by advertisement the nature of their proposals. 

(5) (6) The local authority shall not proceed with any 
proposals, unless the Minister has approved the proposals. 

(7) So much of the expenses attributable to the rendering of 
the parking place suitable as a shelter shall be deemed expendi¬ 
ture under the Act of 1937. 

Section 9.—Power of Local Authorities to Construct Air Raid 
Shelters in Streets 

(i) The local authority may provide a public shelter on any 
highway. 
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(2) The local authority shall not exercise their power under 
this section without the consent of the highway authority. 

(3) The local authority shall— 

{a) serve upon the occupiers of any land or building adj oining 
the site a notice stating their intention and the general 
nature of the shelter. 

(6) af&x a similar notice upon the site. 

(c) cause a similar notice to be published. 

(4) The local authority shall not interfere with any mains, 
pipes, apparatus or works belonging to public utility under¬ 
takers unless they have given fourteen days’ notice; and if 
the local authority cause any damage, they shall repay to the 
undertakers the expenses incurred by them in making good. 

(5) The authority shall pay to any persons having an estate 
or interest in any land or building adjoining the highway on 
which a shelter is constructed such compensation, if any, as 
may be just in respect of any depreciation of their property. 

Section 10.—Agreements under Part 11 between Local Authority 
and Occupiers of Factory Premises and Owners of Com¬ 
mercial Buildings 

(1) The local authority may, if air raid shelter cannot be 
provided in factory premises, agree with the occupier to provide 
on payment by the occupier to the local authority, a public 
air raid shelter for use, in whole, or in part. 

(2) Subsection (i) of this section shall apply in relation to 
commercial buildings. 

Section 11.—Local Authorities for Purposes of Part II 

This section defines “ Local Authorities ” for the purpose of 
Part II. 


Part III 

Private Shelters and Training in Certain Factories, 
Mines and Buildings 

Section 12.—^Application of Part III 

This Part of this Act, except the provisions relating to the 
training of employed persons, shall apply only to areas specified 
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in an order made by the Minister, and references to factory 
premises, mines and commercial buildings shall be construed 
as references to factory premises, mines and commercial 
buildings which are situate in such an area. 

The Minister may by order declare that any specified factory 
premises, mine or commercial building shall be treated as if 
the premises were included in such an area as aforesaid. 

Section 13.—Code for Occupiers of Factories, etc. 

(1) For the guidance of occupiers and owners and other 
persons concerned, in providing air raid shelter, the Minister 
shall issue a code prescribing requirements with which the 
shelter must comply. 

(2) In this Act the expression “ shelter of the approved 
standard ” means air raid shelter which at least complies with 
all the requirements prescribed by the code. 

Section 14.—Duty of Occupiers of Factory Premises and Owners 
of Mines and Commercial Buildings to make Reports 

(1) It shall be the duty of occupiers of any factory premises, 
owner of any mine or owner of any commercial building— 

(а) not later than three months from the appropriate date 

to report in the case of factory premises to the factory 
inspector for the district, in the case of a mine to the 
mines inspector for the district, and in the case of a 
commercial building, to the local authority, stating 
what measures he has taken or is taking or proposing 
to take to provide air raid shelter for the persons 
working or living in the factory premises, working in 
or about the mine, or working or living in the com¬ 
mercial building. 

(б) on the completion of any works not begun or still incom¬ 

plete at the date of the report, to report their 
completion. 

(2) If any person fails to report he shall be liable to a fine 
not exceeding one hundred pounds and ten pounds for each 
day on which the failure continues. 

(3) The appropriate date,” whichever of the three following 
is the latest— 

{a) the first issue or approval of a code ; 
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(b) the making of an order applying this part of this Act to, 
or to an area containing, the premises, mine or building. 

(See Section 89) 

Section 15.—Power of Occupier or Owner to Execute Works 

The occupier of any factory premises, the owner of any 
mine and the owner of any commercial building may execute 
any works for providing shelter of the approved standard. 

Section 16.—^Power of Factory Inspector, Mines Inspector or 
Local Authority to require Provision of Air Raid Shelter 

(1) A factory inspector may serve on the occupier of factory 
premises, a mines inspector may serve on the owner of a mine, 
and the local authority may serve on the owner of a commercial 
building a notice requiring him to provide air raid shelter of 
the approved standard for all or any of the persons working 
or living in the factory premises, working in or about the mine, 
or working or living in the commercial building. 

(2) Any such notice shall specify the nature and the situation 
of the shelter, and the number of persons to be accommodated. 

(3) Such notices shall also state— 

{a) the shelter is to be provided within such time as specified ; 

(b) that time will begin to run twenty-eight days after the 
service of the notice. 

(4) An occupier or owner on whom such a notice has been 
served shall not execute works except for the purpose of 
compl5dng with the said requirements. 

(5) If any person fails to comply with a notice he shall be 
liable to a fine not exceeding one hundred pounds and to a 
fine not exceeding fifty pounds for each day on which the 
default continues. 

(6) Where a notice is served on the occupier who is not the 
owner, he shall, within fourteen days, serve a copy on his 
immediate landlord. 

(7) Where a notice is served on the owner of a commercial 
building who is not the occupier of the whole building, he shall 
serve a copy thereof on 

(a) every lessee ; and 

(b) the occupier. 

(8) Where a notice is served on the occupier of factory 
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premises or the owner of a commercial building and the 
occupier or owner holds any part of the premises or building 
on lease, he shall within fourteen days serve a copy upon his 
immediate landlord. 

(9) A notice under this section requiring the provision of 
air raid shelter shall be deemed to be complied with if, by an 
agreement under Part II of this Act between the occupier and 
the local authority, shelter is provided in a public shelter. 

Note. It is the duty of the owner to provide the design for 
the shelter. 

Section 17.—Appeals 

(i) Any person who is liable to an increase of rent in respect 
of the expenses of the owner of the building in providing the 
said shelter, may appeal to the Minister on the ground that— 

{a) the proposals or requirements of the notice are not 
appropriate; 

(6) it is not reasonable to require the provision of any air 
raid shelter in the case of the premises, mine, or 
building. 

Subsections (2), (3) and (4) deal with legal proceedings and 
time limits. 

Section 18.—Provisions as to Factory Premises occupied under 
Short Leases 

Legal arrangements only. 

Section 19.—Provision as to Commercial Buildings when 
Owner does not Occupy the Whole Building 

(1) Where works are executed by the owner of a commercial 
building in any part thereof of which he is not the occupier, 
the occupier of that part of the building shall be entitled to 
recover from the owner compensation for any damage. 

(2) Where the usefulness of any part of a commercial 
building is impaired in connection with, or after, the provision 
of the shelter, the rent shall be decreased to the extent and for 
the period specified in the subsequent provisions of this section. 

(3) The said decrease shall be at an annual rate equal to the 
diminution of the annual value ascribable to the impairment. 
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(4) Where the owner of a commercial building who is not the 
occupier of the whole building, has incurred expenses in 
providing shelter, then the rent shall be increased to the extent 
and for the period specified in the subsequent provisions of this 
section. 

(5) The said increase shall be at the annual rate of the total 
of the two following amounts— 

(a) one-tenth of the expenses of the owner under the notice ; 

(b) any diminution of the annual value of any part of the 

building ascribable to an impairment. 

(6) The said increase shall operate in relation to a lease, 
notwithstanding that the rent payable thereimder is decreased 
under the provisions of subsection (2). 

(7) No increase or decrease shall operate more than ten 
years. 

(8) In this section the expression “ expenses ” in relation 
to a notice means the expenses reasonably incurred by the 
owner in providing shelter of the approved standard, together 
with— 

(a) any compensation; 

(b) where the owner is the occupier of any part of the 

building compensation which he woidd have been 
entitled to recover from the owner if he himself had 
not been the owner. 

Where shelter provides a greater degree of protection than 
is contemplated by the code, no greater expense shall be 
deemed to have been reasonably incurred than would have been 
incurred if that greater degree of protection or accommodation 
had not been provided. 

(9) If any lessee proves that he was not a person on whom 
the notice was required to be served such reduction shall be 
made in the amount of the increase of rent payable under his 
lease as may be just. 

(10) A surety for the payment of any rent which is increased 
under this section shall not be discharged by reason of the 
increase, but shall not be liable in respect of the increase. 

(11) Where an owner claims an increase of rent under this 
section he shall not be entitled to claim those expenses or any 
part thereof under any term of a lease requiring the tenant to 
pay outgoings. 
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(12) Subsections (4), (5), (7), (10) and (ii) of this section 
shall apply in relation to any suras for which the owner of a 
commercial building becomes liable to a local authority under 
an agreement for the provision of a public air raid shelter for 
the use, in whole or in part, of persons working or living in the 
building. 

Section 20.—Contributions in respect of Works commenced 
before the Passing of the Act 

(1) Where any person has, before the passing of this Act, 
commenced works for air raid shelter of the approved standard 
he may make a claim to the tribunal for the payment of con¬ 
tributions towards the expenses incurred in providing the 
shelter. 

(2) The persons liable to make contributions are persons 
having an estate or a leasehold interest in the premises. 

(3) The tribunal 

(а) may set aside or vary the terms of any agreement; 

(б) may order that the contributions take the form of 

increases or decreases of rent, or a lump sum or 
periodical payments. 

(4) In this section, references to the expenses incurred by 
any person in providing air raid shelter shall include— 

(а) any sum to pay as compensation ; 

(б) if the works are executed in a part of the premises 

occupied by him, the impairment of its value. 

Section 21.—Saving for Rights of Occupier or Owner existing 
apart from this Part 

Nothing shall be construed as preventing the occupier of 
any factory premises, the owner of any mine or the owner of a 
commercial building from doing anything with a view to 
providing air raid shelter, unless the doing thereof is inconsistent 
with a notice duly served on him. 

Section 22.—Exchequer Grants in respect of Provision of Air 
Raid Shelter in Factory Premises, Mines, Commercial 
Buildings, etc. 

(i) There shall be paid out of moneys provided by Parlia¬ 
ment to every occupier of factory premises and to every owner 
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of a mine or commercial building who provides air raid shelter 
of the approved standard, a grant equal to the appropriate 
proportion of so much of the expenses of a capital nature 
incurred by him as the Minister considers reasonable. 

(2) There shall be paid out of moneys provided by Parlia¬ 
ment to every person who incurs expenses of a capital nature 
in providing air raid shelter of the approved standard for 
persons employed by him, a grant equal to the appropriate 
proportion of so much of those expenses as the Minister 
considers reasonable. 

Provided that nothing in this subsection shall apply to any 
public utility undertakers. 

(3) The expression “ the appropriate proportion ” means an 
amount in the pound equal to the standard rate of income-tax 
for the year 1939-40. 

(4) No grant shall be paid unless either— 

(a) the shelter has been provided before the end of September 

nineteen hundred and thirty-nine; or 

(b) work on the shelter is then in progress, or preparatory 

measures are then being taken for the provision of the 
shelter and (in each case) the Minister is satisfied that 
the shelter wiU be provided within a reasonable time 
thereafter; 

And no expenses shall be deemed reasonable in so far as they 
exceed such standard as may be prescribed. 

(5) This section applies in relation to a shelter provided 
before, as well as in relation to a shelter provided after, the 
passing of the Act. 


Section 23.—Training of Employees 

(1) This section appUes to every person who employs more 
than thirty persons. 

(2) It shall be the duty of every person to whom this section 
applies, not later than one month from the date on which this 
section first applies to him, to report stating what measures 
he has taken or is taking or proposes to take to secure that all 
the persons employed by him are trained as respects the 
routine to be followed in the event of an air raid, and that a 
suitable proportion of those persons are trained and equipped 
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to give first aid treatment, to deal with the effects of gas and 
to fight fires. 

(3) A factory inspector, a mines inspector and a local 
authority may serve on an employer a notice requiring him 
to take such measures in relation to the aforesaid matters. 

(4) Any person may, within fourteen days after receipt of 
the notice, appeal to the Minister, and the decision of the 
Minister shall be final. 

(5) Any person failing to report or to comply with a notice, 
shall be liable to a fine not exceeding one hundred pounds, 
and to a fine not exceeding fifty pounds for each day on which 
the default so continues. 

Section 24.—Saving for Certain Authorities 

This Part shall not require the making of reports by, or 
authorise the service of any notice, or any local authority or 
any police authority. 

Section 25.—Local Authority for Purposes of Part III 

" Local authority ” means the council of a county borough 
or county district, and in the last any local authority within 
the meaning of the Act of 1937. See section 35 for L.C.C. 
areas. 


Part IV 

Other Provisions as to Shelter 
Section 26.—Erection of Shelters provided by the Crown 

(1) Where the occupier has been provided with materials 
for an air raid shelter the local authority shall give him advice 
as to the position in which the shelter should be erected. 

Provided that, where the materials are sold to the occupier, 
the authority shall not be under any duty to give advice until 
requested. 

(2) Any occupier to whom advice has been given may erect 
the shelter and may break up the surface of any land in his 
occupation whether paved or not, but shall take care not to 
damage any drains, sewers, pipes, cables or other works; 
notwithstanding any agreement or restrictive covenant to pay 
damages, if he has exercised due care. 
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(3) The local authority shall in giving advice exercise care, 
but unless they fail to exercise such care, they shall not be 
liable for damage caused by erection in accordance with advice 
given by them. 

(4) ’V^ere any materials for shelter have been provided 
without charge, the local authority may, with the consent of 
the occupier, themselves erect the shelter. 

(5) References to the erection of an air raid shelter include 
references to the afhxing to, or the embedding of the shelter, 
in any part of the premises. 

(6) Public utility undertakers shall not, unless they have been 
guilty of negUgence, be liable to pay damages for or in respect 
of any loss of hfe or injury or damage to persons or property 
resulting from damage done by any occupier to any pipe, 
cable, or other work in the exercise of the powers conferred by 
subsection (2) of this section; provided that.nothing in this 
subsection shall be in derogation of any provision in the 
Workmen’s Compensation Act, 1925. 

(7) This section shall be deemed to have had effect as from 
the commencement of the Act of 1937. 

Section 27.—^Affixing of Appliances provided by the Crown for 
Strengthening Basements 

(1) Where the occupier of any basement has been provided 
free with apphances for strengthening, it shall be the duty of 
the local authority— 

(a) to affix these appliances, and 

(b) to take such steps as appear desirable in order to provide 

additional exits; and 

they shall have power to execute such works ; and shall not be 
hable to pay damages except in respect of damage to any 
mains, pipes, apparatus or works belonging to public utility 
rmdertakers. 

(2) This section shall be deemed to have had effect as from 
the commencement of the Act of 1937. 

Section 28.—^Restriction of Removal of Shelters and Appliances 

(i) Any materials for an air raid shelter provided free shall 
not be removed from the premises without the consent of the 
local authority. 
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(2) and (3) Any shelter erected or appliances affixed by the 
local authority shall not be removed from its position without 
the consent of the local authority, given absolutely or subject 
to conditions. 

(4) Any person who removes any shelter, materials or 
appliances in contravention of this section, shall be liable to a 
fine not exceeding twenty pounds. 


Section 29.—Loans by Local Authorities to Owners of Dwelling- 
Houses 

(1) The local authority may advance money to the owner 
of any premises comprising a dwelling-house in an area specified 
by the Minister for the purpose of enabling the owner to provide 
an air raid shelter of a permanent character. 

(2) Every such advance shall be repaid with interest within 
ten years from the date of the advance, and the rate of interest 
as may be agreed, not being less than one-quarter per cent, 
in excess of the rate fixed in respect of loans to local authorities 
for the purposes of Part V of the Housing Act, 1936. 

(3) Any amount due by way of repayment shall be a charge 
on the premises and the local authority shall have the same 
remedies under the Law of Property Act, 1925. 

(4) The Public Works Loans Commissioners may make loans 
to any local authority for the purpose of advances under this 
section. 

(5) In this section the expression “ owner ” means the 
person in whom the fee simple is vested, and includes also a 
lessee under a lease the unexpired term of which exceeds three 
years. 


Section 30.— Provision of an Air Raid Shelter in Certain 
Buildings 

(1) The owner of any block of buildings may prepare a 
scheme for providing shelter in or near the building for the 
persons living and working in the building or block. 

(2) In this section the expression “ building or block of 
buildings” means a building whoUy or mainly used for 
residential pmrposes: 
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Provided that— 

(а) so much of any building as consists of any factory 

premises or commercial building shall be disregarded ; 

(б) the said expression does not include any building owned 

by any local authority ; 

(c) the said expression does not include a building in the 
case of which the majority of the occupiers are entitled 
to a free issue of materials for a shelter. 

(3) Any such scheme shall— 

(а) state the situation and the general nature of che shelter 

and the number of persons which the shelter is to 
accommodate ; 

{b) state the estimated cost exclusive of compensation ; 

(c) state what compensation is proposed to be paid by the 

owner or proposed to be allowed to the owner ; 

(d) contain a statement of the effect as to increases of 

rent. 

(4) The owner shall serve a copy of any such scheme on the 
occupier of every separate part of the building. 

(5) Unless the occupiers of more than one-half in number of 
the separate parts of the building or block dissent from the 
scheme, the owner shall carry the scheme into effect and the 
rent payable under every lease derived from the estate shall 
be increased to the extent subsequently provided in this 
•section. 

(6) The increase shall be calculated as follows :— 

(«) there shall first be taken the expenses of the owner in 
providing the shelter (exclusive of compensation) ; 

(б) there shall then be added 

(i) the amount, if any, to be paid by the owner as 
compensation; and 

(ii) the amount to be allowed as compensation to 
the owner; 

(c) there shall then be ascertained the proportion which the 
annual value of the part of the building to which the 
lease in question relates bears to the annual value of 
the whole building; 

{d) the proportion so arrived at shall be apphed to the sum 
ascertained under paragraphs (a) and (&) of this sub¬ 
section ; and 
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(e) tlie increase in rent shall be at the annual rate of one- 
eighth of the sum arrived at under paragraph [d). 

(7) The rent on which the said increase operates is all rent 
payable under the lease after the date of the completion of 
the shelter ; no increase shall operate for more than ten years. 

(8) A surety for the payment of rent increased shall not be 
discharged by reason of the increase, but shall not be liable 
in respect of the increase. 

(9) Nothing in this section shall be construed as authorising 
the owner to enter upon any premises if he would not have been 
entitled to apart from the provisions of this section. 

(10) In this section— 

(a) the expression “ owner ” has the same meaning as that 

expression has in relation to a commercial building; 
and 

(b) the expression “ separate ” means a part which is in 

separate occupation; 

(c) the expression " rent period ” means, in relation to a 

lease, the quarter or other period in which an instalment 
of rent becomes payable ; 

and where a part is occupied under a lease of which the 
unexpired term is less than six months, that person shall be 
deemed the occupier who would be the occupier if every such 
lease had been surrendered. 


Section 31. —Special Provisions as to Land used in Common 
by Tenants of Certain Buildings 

(1) If, in the case of any block of buildings, there is adjacent 
land used in common by the occupiers, a request signed by 
more than one-half of the occupiers, that the local authority 
should utilise that land for the construction of a shelter shall 
confer upon the local authority rights of entry upon the land. 

(2) In this section the expression " building or block of 
buildings ” means a building which is situated in an area 
specified by the Minister, is mainly used for residential purposes 
and is let out in separate parts ; 

Provided that— 

(a) so much of any building as consists of any factory or 
commercial building shall be disregarded; 
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[b) the said expression does not include any building the 
owner of which may be required to provide shelter 
under the last section. 

Section 32 .—Execution of Works by Owner of Dwelling-house 

(1) The owner of any dweUing-house may provide shelter 
in the house or on land belonging to or occupied with the house, 
notwithstanding any agreement or restricted covenant to the 
contrary. 

(2) In this section the expression " owner ” means the 
person in whom the fee simple is vested, and includes also a 
lessee under a lease, the unexpired term of which exceeds three 
years. 

Section 33 .—Power to make Regulations as Construction, 
Alteration or Extension of Buildings 

(1) The Minister may make regulations, imposing 

(a) such requirements as to materials and construction as he 

considers necessary for rendering the buildings less 
vulnerable to air raids ; 

(b) such requirements as to provision of shelter for the 

persons using or resorting to the buildings. 

(2) Regulations shall apply to buildings erected after the 
date of the regulations, and to buildings in which structural 
alterations are made, or which are extended, after that date. 

(3) Regulations may apply generally or different require¬ 
ments may be prescribed for different areas and different 
classes of buildings. 

(4) It shall be the duty of the local authority to enforce 
regulations made under this section. 

Subsections (a), (6), (c) and {d) deal with legal points and 
fines for offences. 

(5) Where the local authority consider that the operation 
of any regulation would be unreasonable in relation to any 
particular case, they may with the consent of the Minister, 
relax the requirements of the regulation or dispense with 
compliance therewith. 

(6) Any building byelaws which are inconsistent with 
regulations made under this section shall be void to the extent 
of the inconsistency. 
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(7) In this section the expression " building byelaws ” has 
the meaning assigned to it by the Public Health Act, 1936. 

(8) In relation to any electricity generating station the 
references to the Minister are references to the Electricity 
Commissioners, acting with the concurrence of the Minister. 

Section 34.—Increase of Housing Subsidy as respects Certain 
Flats 

(1) In the case of flats, the annual contributions shall be 
increased by two pounds in respect of each flat and the annual 
contribution payable by the local authority increased 
accordingly. 

(2) This section applies to blocks of flats, in which air raid 
shelter 

(«) is provided to comply with regulations made under the 
last section; or 

(b) is provided with the approval of the Minister of Health. 

Section 35.—Provisions as to Local Authorities for Purposes 
of Part IV 

(1) The expression " local authority ’’ means the council of a 
county borough or county district. 

(2) The council of any county may reimburse to the council 
of any county district within that county the whole or any 
part of any expenses incurred by them under the first three 
sections of this Part of this Act. 


Part V 

Public Utility Undertakings 

Section 36.—Duty of Public Utility Undertakers to make 
Reports 

(i) All public utility undertakers not later than one month 
from the passing of this Act must make .a report to the appro¬ 
priate department stating what measures they are taking to 
secure that all persons employed by them are trained as respects 
the routine to be followed in the event of an air raid and that 
a suitable proportion of persons are trained and equipped to 
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give first aid treatment to deal with the effects of gas and to 
fight fires. 

(2) The appropriate department may serve a notice on any 
public utility undertakers requiring them to make, in addition 
to the report required either or both of the following reports :— 

{a) a report stating what measures they have taken or are 
taking to provide air raid shelter for the persons 
employed by them ; and 

{b) a report stating what measures they are taking to secure 
the due functioning of their undertaking. It shall be 
the duty of any undertakers who employ persons 
within an area specified by the Minister in an order 
made under Part HI of this Act to make, a report 
not later than three months from the making of that 
order stating what measures they are taking to provide 
shelter for those persons. 

(3) If any undertakers fail to make a report they shall be 
liable to a fine not exceeding one hundred pounds and to a 
fine not exceeding ten pounds for each day on which the failure 
so continues. 


Section 37.—Power to require Measures to be Taken 

(1) The appropriate department may serve on any public 
utility undertakers a notice requiring them to take such 
measures as may be specified in the notice. 

(2) If any undertakers fail to comply they shall be liable to 
a fine not exceeding one hundred pounds and to a fine not 
exceeding fifty pounds for each day on which the failure so 
continues ; 

When the court fix a period from the date of conviction 
for compliance by the undertakers with the requirements the 
daily penalty shall not be recoverable in respect of any day 
before the expiration. 


Section 38.—General Grant in respect of Expenses in Providing 
Shelter for Employees 

(i) Where any public utility undertakers who have made, 
or are under an obligation to make report or have been served 
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with a notice requiring them to take such measures have 
incurred expenses of a capital nature in taking measures for 
that purpose they shall be paid out of moneys provided by 
Parliament equal to the appropriate proportion of so much of 
those expenses as is reasonable. 

Provided that— 

(a) no grant shall be payable unless either the shelter has 

been provided before the end of September nineteen 
hundred and thirty-nine or work on the shelter is then 
in progress or preparatory measures are then being 
taken and that the shelter will be provided within 
reasonable time. 

(b) no expenses shall be deemed to be reasonable if they 

exceed the standard prescribed by regulations of the 
Minister. 

(2) In this section the expression “ the appropriate propor¬ 
tion ” means an amount in the pound equal to the standard 
rate of income tax for the year 1939-40. 

Section 39.—Grants in respect of Measures to Secure Due 
Functioning of Undertakings 

(1) There may be paid out of moneys provided by Parhament 
expenses of public utility undertakers in taking measures to 
secure the due functioning of their undertakings, grants not 
exceeding one-half of those expenses. 

(2) The expression " approved expenses ” means such 
expenses of a capital nature as the appropriate department 
may approve. 

(3) This section shall not apply in relation to any railway 
undertaking or electricity undertaking and in relation to any 
dock or harbour undertaking shah, have effect subject to the 
special provisions of this part of thisAct as to those undertakings. 

Section 40.—Provisions as to Railway Undertakings 

(1) The following provisions shall have effect in relation to 
any railway undertaking. 

(2) The undertakers may be required to make a report 
stating what measures they have taken or are taking or 
proposing to take as respects 
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(«) the execution of works or the provision of accommoda¬ 
tion, plant, materials or equipment (including stocks 
of stores) with a view to providing or maintaining 
essential railway services in the event of hostile attack. 

(6) the provision for persons employed of such special 
protection or equipment as may be necessary. 

(3) There may be paid by Parliament grants not exceeding 
such expenses as the appropriate department may approve. 

(4) If, in the event of war, control of any such undertaking 
is assumed by His Majesty’s Government on terms as to 
compensation under which a net revenue in respect of .any 
control accounting period which exceeds such amount deter¬ 
mined to represent the corresponding net revenue in respect 
of a like accounting period before the outbreak of war, the 
undertakers shall pay to the appropriate department an 
amount equal to the excess so that the total shall not exceed— 

(a) one-half of the total grants made under the last preceding 
subsection; or 

(&) the amount by which the sum of the net revenues 
accruing to the undertakers throughout the control 
accounting periods, exceeds the sum of the correspond¬ 
ing net revenues of the undertakers in respect of the 
like accounting periods before the outbreak of war. 

The expression “ control accounting period ” means any 
financial year throughout which such control exists. 


Section 41. —Provisions as to Dock and Harbour Undertakings 

(i) If the appropriate department so order the preceding 
provisions of this part of this Act shall apply in relation to the 
undertakers carrying on the undertaking as if all persons 
likely to be found during air raids in the dock or harbour 
were persons employed by the undertakers; and where any 
such order is made— 

{a) the order may contain such provisions as the appropriate 
department thinks proper, including provisions 
authorising the undertakers to do such of the following 
things as may be specified in the order— 

(i) make increases in their charges as may be 
specified; 
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(ii) to recover from persons using the dock such sums 
as may be determined by or under the order ; 

(iii) to borrow on such terms as to security as 
specified. 

(6) the provisions of this Act relating to the provision of 
air raid shelter shall not apply to any factories or 
commercial buildings in the dock or in the part specified 
in the order ; and 

(c) no grant' shall be payable for e.xpenses incurred in 
the provision of air raid shelter in the dock or harbour. 

(2) The measures specified in a notice may include measures 
designed to secure that the undertaking is capable of providing 
services which would not, apart from hostile attack or the 
danger thereof, be required to be provided by that under¬ 
taking ; and, in relation to any such measures the provisions 
relating to grants shall have effect as if for the reference to 
one-half of the approved expenses there were substituted 
seventeen-twentieths. 

(3) There may be paid by Parliament towards approved 
expenses incurred by public utility undertakers in the collection 
of casualties and the treatment in first-aid posts, grants not 
exceeding one-half of those expenses. 

Section 42.—Provisions as to Electricity Undertakings 

(1) The Central Electricity Board shall have power— 

{a) to acquire, store, insure and maintain stocks of plant 
and equipment for temporary use in the event of 
hostile attack; 

[b) to make arrangements for the distribution thereof ; 

(c) to acquire any land, property, and do anything necessary 

for any of the purposes aforesaid. 

(2) The Central Electricity Board shall defray any approved 
expenses incurred by any other electricity undertakers in 
taking measures for securing the due functioning of their 
undertaking in the event of hostile attack and Parliament 
may pay to the Central Electricity Board towards^— 

(а) the expenses incurred by the Board under the preceding 

subsection; 

(б) the approved expenses of the Board incurred on the 

measures mentioned in subsegtion (i) ; and 
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(c) the approved expenses of the Board incurred on measures 
to secure the due functioning of their own .under¬ 
taking ; 

grants not exceeding one-half of those expenses. 


Part VI 

Obscuration of Light and Camouflage 

Section 43.—General Duty as to Factories, Mines and Public 
Utility Undertakings 

(1) It shall be the duty of the occupier of any general 
factory premises, of the owner of any mine and of the persons 
carr5dng on any public utility undertaking to take forthwith 
any necessary measures to secure that in the event of war 
throughout any periods of darkness— 

(a) no light is allowed to appear from within any building 

on the premises or used for the purposes of the mine or 
undertaking; and 

(b) no lights not within a building remain ahght, unless 

they are essential for the conduct of work of national 
importance, are adequately shaded, axe reduced in 
power and, save where the Minister otherwise directs, 
are capable of instant extinction at any time : 

Provided that this subsection shall not apply to any light 
exhibited solely in the interest of navigation. 

(2) The appropriate department may serve a notice in 
writing requiring the occupier, owner or persons to take such 
measures as are mentioned in subsection (i). 

(3) This section does not apply to any of the matters dealt 
with in the next succeeding section. 

Section 44.—Provisions as to Processes involving Flames or 
Glare 

(i) Where any process involves the emission of flames or 
glare not capable of being screened by means which would 
suffice in the case of ordinary lighting of a building, the 
appropriate department may serve on the occupier of the 
factory premises, the owner of the mine or the public utility 
undertakers a notice in writing requiring him or them to 
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complete such measures as may be specified to secure that the 
flames or glare will either no longer be produced during any 
period of darkness or will be wholly or partially screened. 

(2) The Minister may serve on the owner of any mine in 
connection with which there is any accumulation or deposit 
of refuse which is burning. or is liable to spontaneous com¬ 
bustion a notice requiring him to secure that no flames or 
glare will be produced during any period of darkness or that 
any flames or glare so produced may be wholly or partially 
screened. 

Section 45.—Camouflage 

The Minister may serve on the occupier of any factory 
premises a notice requiring him , to take or complete 
such measures as may be specified to secure that the premises 
are less readily recognisable by aircraft. 

Section 46.—Grants under Part VI 

There may be paid out of moneys provided by Parliament 
towards the approved expenses of any person on whom a 
notice has been served under the two last preceding sections 
in taking the measures specified in the notice grants not 
exceeding one-half of those expenses. 

Section 47.—Penalty for Failure to Comply with Notice 

If any persons fail to comply they shall be liable to a fine 
not exceeding one hundred pounds, and if the failure continues 
they shall be liable to a fine not exceeding fifty pounds for 
each day on which the offence continues. A reasonable period 
from the date of the conviction may be fixed for the compliance 
with the requirements of the notice and where the Court has fixed 
such a period the said daily penalty shall not be recoverable 
for any day before the expiration. 

Section 48.—Saving for Provisions of Part V 

The preceding provisions of this Part of this Act relating to 
public utility undertakers shall not be construed as limiting 
the generahty of the provisions of Part V of this Act, but no 
grant shall be made in respect of the same expenses. 
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Section 49. — Provisions as to Practice of Dimming Lights 

(1) Nothing requiring a local authority to cause the whole 
or any part of their area to be lighted shall render it unlawful 
for the authority to cause the lights in highways and public 
places in the area to be dimmed or extinguished for— 

{a) training or exercising any persons in respect of air raid 
precautions; or 

(6) testing devices for enabhng movement of traffic to 
continue in unlighted streets. 

(2) Nothing shall render it unlawful for the occupier of any 
premises or any public utility undertaking to cause the lights in 
the premises or undertaking to be dimmed or extinguished 
for— 

{a) assisting a local authority in training or exercising any 
persons in respect of air raid precautions ; or 

{h) training or exercising persons employed in the factory 
premises, mine or pubUc utility undertaking in respect 
of air raid precautions. 

(3) This section shall be deemed to have had effect as from 
the commencement of the Act of 1937. 


Part VII 

Measures to Deal with Casualties and Disease 
Section 50. — Powers of Minister of Health 

(1) It shall be part of the functions of the Minister of Health 
(referred to as “ the Minister ”) to make arrangements— 

{a) to secure that war facilities will be available for the 
treatment in hospital of casualties occurring in Great 
Britain from hostile attack ; 

{b) for the training in advance, in nursing, of persons who 
express wilhngness to offer their services in the event 
of war; 

(c) for the provision of a bacteriological service for con¬ 
trolling the spread of infectious disease in the event 
of war. 

(2) In order to afford accommodation for the treatment in 
hospital of such casualties as aforesmd, arrangements aforesaid 
may provide for the removal in the event of a hostile attack 
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of sick persons, etc., from the place in which they are being 
treated and for their treatment or maintenance in some other 
place. 

(3) For the purpose of any arrangements under this section, 
the Minister shall have power— 

(a) to acquire and hold land, erect buildings and execute 

works;. 

(b) to acquire and hold medical stores and equipment, and 

do all such things as may appear to him expedient for 
the storage, preservation and transport of such stores 
and equipment; 

(c) to enter into agreements with local authorities, governing 

bodies of voluntary hospitals and such other persons 
as he thinks fit. 

(4) In relation to the acquisition of land the provisions of 
the Lands Clauses Acts, as amended by the Acquisition of 
Land (Assessment of Compensation) Act, 1919, are hereby 
incorporated with this Act. 

(5) Any land, stores or equipment held by the Minister 
shall be held on behalf of His Majesty, and the Minister shall, 
subject to such conditioiis as' determined by the Treasury, 
have power for any purpose to manage, sell, let or exchange 
any such land and to dispose of any such stores or equipment. 

(6) The expression “ treatment ” does not include treatment 
in a first-aid post, and the expression “ medical stores and 
equipment ” includes stretchers, ambulances and any other 
articles which the Minister thinks necessary for the treatment of 
casualties from hostile attack. 

Section 51.—Duties of Local Authorities 

It shall he the duty of the council of every county and county 
borough— 

(a) to provide for the storage and preservation of medical 

stores and equipment acquired by the Minister as the 
Minister may direct; 

(b) to execute such works as the Minister may require for 

rendering any premises under the control of the council 
suitable for a hospital or for protecting persons in 
hospitals under the control of the council in the event 
of hostile attack; 
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(c) to hold at every hospital drugs and other medical stores 
and ward equipment as the Minister may direct so 
that the quantity shall not exceed— 

(i) the quantity ordinarily used in the hospital in 
four weeks; 

(ii) in the case of beds and mattresses eleven-tenths 
of the number of beds ordinarily kept in the wards ; 

(iii) in the case of bedding, six-fifths of the quantity 
required for the beds ordinarily kept; and 

(iv) in the case of other ward equipment, six-fifths 
of the quantity ordinarily kept. 

Section 52.—Temporary Transfer of Oflicers 

(1) The Minister and the council or county borough may 
agree that the services of any officer of the council shall be 
placed at the disposal of the Minister, for such period and for 
assisting the Minister in the exercise of his powers under this 
Part of this Act. 

(2) The service of an officer under the Minister shall be 
deemed to be service under the council for the purpose of the 
Local Government Superannuation Act, 1937. 

Section 53.—Financial Provisions 

(1) All expenses incurred by the Minister shall be defrayed 
out of moneys provided by Parhament. 

(2) In respect of each period of twelve months ending with 
the thirty-first of March, there shah be payable to the council 
who execute works in any of the works referred to in this 
part, a grant of whichever is the greater of the following two 
amounts— 

{a) seven-tenths of the approved expenses incurred by the 
council in that period in the execution of those works ; 
or 

{b) the amount by which such expenses exceed one-tenth 
of the produce of a rate of one penny in the pound 
levied in the area of the council for that period. 

This subsection shall have effect with respect to the period 
ending with the thirty-first March nineteen himdred and thirty- 
nine and all subsequent periods. 

(3) For the purpose of this section, the amount of the produce 
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of a rate of one penny in the pound for any period shall be 
ascertained in the manner required by paragraph three of the 
Schedule to the Act of 1937. 

Section 54.—Powers conferred by this Part to be in Substitu¬ 
tion for Powers under Act of 1937 

(1) The powers conferred from the Secretary of State under 
the Act of 1937 shall cease to be exercisable in so far as similar 
powers are exercisable by the Minister under this Part of this 
Act. 

(2) No air raid precautions scheme shall make provision for 
the treatment in hospital of casualties or the training in advance 
of persons in nursing : 

Provided that every local authority who make provision for 
treatment of casualties in first aid posts shall cause a suitable 
number of persons to be trained in nursing under the arrange¬ 
ments made under the preceding provisions by the Minister. 

(3) Approval shall not be given under the Acts of 1937 to 
any expenditure of the local authority incurred under this Part 
of this Act in connection with matters for which provision 
cannot validly be made in an air raid precautions scheme. 

Section 55.—Provisions as to Combinations of Councils 

(1) So much of this part of this Act as confers powers or 
imposes duties on the councils of counties or county boroughs 
shall be construed as confirming the like powers and imposing 
the like duties on any combination of councils existing for the 
purpose of the provision or maintenance of hospitals. 

(2) Where any such combination includes the council of any 
county district, no part of the expenses of exercising powers 
or performing duties shall be borne by the county district and 
the share borne by councils of counties or county boroughs 
included in the combination shall be ratably increased 
accordingly. 

Part VIII 
Miscellaneous 

Section 56.—Evacuation of Civil Population 

(i) It shall be the duty of every local authority in accordance 
with the directions of the Minister— 
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{a) to furnish information for the purpose of assisting the 
population by His Majesty's Government of plans for 
the transference of members of the civil population 
from one area to another and for accommodation and 
maintenance; 

(6) to take in advance measures designed to facilitate 
transference or accommodation or maintenance of 
persons so transferred; 

(c) to provide, in such premises under their control as are 
reasonably available for the purpose, for the storage 
of equipment and material acquired by the Minister 
under this section ; and 

{d) to take part in carrying out any such plan. 

(2) Any local authority may serve on the occupier of any 
premises a notice requiring him to send to the authority 
particulars with respect to the premises and to the number of 
persons resident therein and any person who fails to comply 
shall be liable to a fine not exceeding £5, 

(3) The Minister may make regulations .for securing 
accommodation and such regulations may— 

{a) provide for occupiers of premises being required to 
furnish such accommodation specified ; 

{b) declare the circumstances and extent to which responsi- 
bihty shall be assumed by occupiers for the feeding 
and care of children accommodated ; 

(c) authorise the imposition of fines not exceeding fifty 
pounds or imprisonment not exceeding three months 
for failure to comply. 

(4) There shall be paid out of monies provided by Parliament 
to any local authority grants equal to the total amount of 
their expenses under this section. 

(5) Any expenses incurred by the Minister in the.acquisition 
and storage of equipment or any other material with a view 
to the accommodation and maintenance of the population 
transferred shall be defrayed by Parliament. 


Section 57.—Requisition of Premises and Vehicles 

(i) The Minister may by order declare the provisions of this 
section to be in operation and— 



512 CIVIL DEFENCE 

{a) any local authority may take possession of any promises 
designated by them under Part II of this Act; 

{b) the Commissioners of Works may take possession qf any 
premises which should, to meet the exigencies of the 
situation, be rendered available for use by any Govern¬ 
ment department; 

(c) any local authority having any civil defence functions 
may take possession of any vehicle and use it in the 
discharge of any of those functions. 

(2) Where an order has been made the authority may remove 
any property which is in any premises or vehicles of which 
possession is intended to be taken, and may take such other 
steps as may be necessary for putting the premises or vehicle 
in a condition as will enable them to be used ; and any occupier 
who refuses and any persons who obstruct shall be liable to a 
fine not exceeding one hundred pounds. 

(3) There shall be paid such compensation to such persons 
as Parliament may hereby deter m ine. 

(4) Possession shall not be retained after the expiration of 
three months from the date of making the order. 


Section 58. —Special Provisioits as to Supply of Water for 
Extinguishing Fires 

(1) Any fire authority may submit to the Minister a scheme 
for securing that special supplies of water be available and for— 

{a) the laying of mains and pipes for the conveyance of 
water; 

(b) the installation on bridges, embankments and other 

places adjoining any water (not being water contained 
in a reservoir), of pipes or other apparatus for enabling 
water to be withdrawn ; 

(c) the acquisition of fire floats ; 

{d) the cqnstruction of underground tanks. 

(2) The Minister may approve with or without modifications 
any scheme submitted to him under this section and any such 
scheme being so approved shall come into force. 

(3) There may be paid by Parliament towards the approved 

expenses incurred by any fire authority grants not exceeding 
nine-tenths of those expenses : • 
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No grant shall be made unless— 

{a) the works are completed before the end of September, 
nineteen hundred and thirty-nine, or 
{b) the works are then in progress and the Minister is satisfied 
that they will be completed within a reasonable time 
thereafter. 

Subsections (4) to (7) contain legal stipulations regarding 
the L.C.C. and water authorities. 

(8) The Minister shah, not approve any scheme imless it 
contains provisions for preventing— 

(a) the contamination of any water supplied by water 

undertakers; and 

(b) the use for domestic purposes of any water conveyed 

in any main or pipe laid under the scheme. 

Section. 59.—Power of Minister of Transport to acquire Plant 
and Materials for the Repair of Roads and Bridges 

(1) The Minister of Transport may acquire stocks of plant 
and material for the repair of roads and bridges damaged by 
hostile attack. 

(2) The Minister of Transport shall have power to use or 
dispose of any plant or materials forming part of such stocks. 

(3) The expenses shall be defrayed by Parliament. 

Section 60.—Power of Minister as to Stocks of Building 
Materials 

(1) The Minister may acquire stocks of plant and materials 
for repair of buildings damaged. 

(2) The Minister shall have power to dispose of any plant 
or materials forming part of any such stock. 

Section 61.—Power of Minister to make Bye-laws with respect 
to Land used for Experiments with Explosives 

Section 62.—Power of Local Authorities and Public Utility 
Undertakers to Appropriate Lands and Buildings for 
Purposes of Civil Defence 

(I) 

(a) Any local authority having any civil defence functions 
or any pubhc utlhty undertakers may use any lands 
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or buildings owned by, leased to, or under the control 
of the authorities or undertakers for the purpose of 
discharging any of those functions ; 

(6) any local authority may permit any other local authority 
having any civil defence functions to use for the 
purpose any lands or buildings of the first mentioned 
authority. 

(2) The powers conferred shall only be exercisable with 
the approval of the Minister. 

(3) The Minister may at any time give directions that any 
use of any lands or any buildings under this section shall cease 
and may require the lands or buildings to be restored. 

(4) The expression " use ” in relation to lands includes the 
erection of buildings and the making of excavations. 

Section 63.—Amendment of s. 5 of Act of 1937 
Legal enactments. 

Section 64.—Compulsory Hiring of Land 

(1) Any county or county borough of the City of London 
and any metropolitan borough or county district may hire 
compulsorily any land for the purpose of the Act. 

(2) The Minister shall make regulations for the purposes of 
this section. 

(3) Land to which this section applies is unoccupied land 
and land in the occupation of a tenant whose tenancy thereof 
shall expire within three years after the making of the order. 

Section 65.—Powers of Bodies Corporate as to Measures 
against Hostile Attack 

Anybody carrjdng on any business or undertaking shall have 
power to take any such measures in relation to their business 
or ■ undertaking as public utility undertakers are or can be 
authorised or required to take under any of the provisions of 
this Act. 

Section 66.—Extension of Borrowing Powers of Trustees, etc. 

(i) The provision of air raid shelter shall be deemed to be 
an improvement authorised by the Settled Land Act, 1925. 
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(2) Any liquidator or trustee in bankruptcy, receiver, 
committee or other person acting in a fiduciary capacity who 
is, as such, occupier of any premises shall, for the purpose of 
providing air raid shelter or complying with any obligation 
imposed on him by this Act, have power— 

(а) to utilise any moneys in his hands in his capacity; 

(б) to raise money by the sale or mortgage of any property 

vested in him; 

and any money reasonably expended by him for the said 
purpose sheiU be allowed in account. 

(3) Where the owner of any building is a mortgagee, he 
shall be entitled to add to his security any money reasonably 
expended by him under this Act as owner. 

Section 67.—Property in Equipment, Appliances and Material 
provided by the Town or Local Authorities 

(1) The property in any equipment, apphances or material 
free of charge shall remain in His Majesty. 

(2) Any equipment, appliances or material used in the 
execution of work by a local authority under Part II or Part IV 
of this Act shall remain the property of the authority. 

(3) Any person who, being in possession of any such equip¬ 
ment, appliances or material fails to use reasonable care for 
the preservation thereof shall be liable to a fine not exceeding 
five pounds. 

(4) If any equipment, appliances or material which have 
been affixed to any premises are removed therefrom on behalf 
of His Majesty or the local authority, any damage shall be 
made good. 

Section 68.—^Penalty for Unauthorised Use of Uniforms, 
Medals and Badges 

Any unauthorised person who uses or wears any uniform, 
medal, badge or emblem issued by or with the authority of 
the Minister for the use of persons engaged in any civil defence 
service, shall be liable to a fine not exceeding twenty pounds. 

Section 69.—Provision of Air Raid Shelter not to increase 
Valuation for Rating 
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Section 70.—Enlargement of Scope of Town Planning Schemes 

There shall be included among the general objects for which 
a scheme may be made under the Town and Country Planning 
Act, 1932, the object of rendering the whole or any part of the 
area to which the scheme applies less vulnerable to air raid. 

Section 71.—Compensation in the event of Injury to Persons 
engaged in Air Raid Precautions Activities 

(1) This applies to personal injuries sustained in the course— 
(a) of being in air raid precautions ; or 

(bj of being trained in nursing; or 

(c) of acting in a voluntary capacity on behalf of a local 
authority, 

being injuries sustained in time of peace. 

(2) The Treasury may provide for payment by Parliament 
to persons or the dependants of persons who suffer injuries, 
periodical or lump sums as may be specified. 

(3) A scheme under subsection (2) may be revoked or varied. 

(4) No compensation or damages shall be payable by the 
employer of the injured person. 

(5) The expression “ personal injury ” includes death. 

Section 72.—Directions to Local Authorities to Discharge 
Functions with respect to Air Raid Precautions 

(1) The Minister may direct any local authority to discharge 
functions with respect to any matter which could be included 
in a scheme made by that authority, whether or not a scheme 
providing for that matter has been made. 

(2) The council of any county may direct the council of any 
county district in that county to discharge such functions. 

(3) If the council of a county fail to give any direction, the 
Minister may give the direction himself. 

(4) It shall be the duty of a local authority who receive a 
direction to discharge the functions specified. 

Section 73.—Power to Transfer Functions of Defaulting 
Authority 

If the Minister is satisfied that any local authority have 
failed to discharge any functions which they are required to 
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discharge under this Act he may make an order transferring the 
functions to himself. 


PART IX 
Supplemental 

Section 74.—Determination of Claims to Compensation and 
Increases of Rent 

(1) Any question relating to the amount of compensation 
under this Act shall be referred to and determined by official 
arbitrators appointed for the purposes of the Acquisition of 
Land (Assessment of Compensation) Act, 1919. 

(2) The reference Committee may make rules and prescribe 
the fees to be paid. 

Section 75.—Supplementary Provisions as to Appeals to 
Minister 

(1) The Minister may make rules as respects the appeals to 
him— 

(a) specifying the manner in which the appeals are to be 

brought; 

(b) authorising persons to be appointed to inquire into the 

matters raised and to report to the Minister ; 

(c) authorising any person so appointed to take evidence on 

oath ; 

(d) making provision as to the costs incurred; 

(e) otherwise regulating the procedure to be followed. 

(2) If the Minister considers it just so to do, he may extend 
the time limited by this Act for the bringing of an appeal. 

Section 76.—^Rules as to Form of Reports 
The Minister may by rules require that reports under this 
Act shall be made in such form and include such particulars 
and intimation as may be specified. 

Section 77.—Penalty for False Statements 

Any person who in any report made by him under this Act 
makes any statement which he knows to be false shall be liable 
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to a fine not exceeding one hundred pounds or imprisonment 
for a period not exceeding three months or to both. 

Section 78.—Criminal Liability of Directors, OiiScers, etc. 

Where an offence punishable under this Act is committed by 
a body corporate and is proved to have been committed with 
the consent or connivance of any director, manager, secretary 
or other officer of the body corporate he, as well as the body 
corporate shall be deemed to be guilty and shall be liable to be 
punished accordingly. 

Section 79.—Power of Factory Inspectors and Local Authorities 
to enter Premises and Penalty for Obstruction 

(1) Any inspector or person duly authorised by authority 
having any civil defence functions shall, on producing some duly 
authenticated document showing his authority, have a right to 
enter any premises at all reasonable hours for the purpose of— 

{a) ascertaining whether there is or has been any contra¬ 
vention of or failure to comply with the provisions of 
this Act; 

(J) ascertaining whether or not circumstances exist which 
would authorise or require any action to be taken 
under this Act; 

(c) otherwise facilitating the performance by the authority 
of their civil defence functions. 

(2) The provisions of sub-sections (2), (3), (4) and (5) of 
section two hundred and eighty-seven of the Public Health 
Act, 1936, shall apply for the purposes of this section. 

(3) Any person who wilfully obstructs any inspector or any 
persons duly authorised by the Minister or authority in the 
exercise of any right conferred by or by virtue of this section, 
shall be liable to a fine not exceeding five pounds. 

Section 80.—Service of Documents 

Any document required or authorised may be given or served 
either— 

(a) by dehvering it to that person ; 

ib) by leaving it; sending it in a prepaid letter addressed to 
him at his last known residence or place of business ; 
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(c) by the description of " occupier ” of the premises to 
which it relates and dehvering it to the premises or by 
• affixing it to some conspicuous part of the premises. 

Section 81.—Exemption of Certain Works from Building 
Bye-laws 

No requirements or restrictions imposed by or under any 
enactment, as to the erection of buildings or means of access or 
as to the submission of plans or the giving of notices to a local 
authority shall apply in relation to any works executed under 
this Act by a local authority or any person on advice given by 
or as a result of a notice by the appropriate authority. 

Section 82.—Covenants to Repair and Reinstate not to apply 
to Works executed under this Act 


Section 83.—Financial Provisions 

(i) Any administrative expenses of any Govermnent 
department under this Act shall be defrayed by Parliament. 
Sub-sections 2-5 relate to the method of payment. 

Section 84.—Special Provisions as to London 

Any reference in this Act to a local authority or fire authority 
shall, in relation to any part of the administrative county of 
London, be construed as a reference to such one or more of the 
following authorities, that is to say the London County Council, 
the Common Council of the City, the Council of any Metro¬ 
politan Borough, the District Surveyor, and the respective 
overseers of the Inner Temple and the Middle Temple, as may 
be specified in that behalf by an order of the Minister. 

Section 85.—Consultation with Joint Committees under Act 
of 1937 

Where the functions of a Council in submitting air raid 
precautions schemes are exercised by a joint Committee, the 
Council shall, before exercising any function under this Act, 
consult with the joint Committee. 
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Sectiok 86.—Exercise of Powers of Board of Trade 

Anything required or authorised by this Act to be done by 
the Board of Trade may be done by any person authorised in 
that behalf by the President. 

Section 87.—Saving for Telegraphic Lines 

Section 6 of the Telegraph Act, 1878 (which empowers the 
Postmaster General to establish telegraphic lines in certain 
undertakings) shall apply to the underground air raid shelters, 
premises and parking places. 

Section 88.—Provisions as to Orders, Regulations, etc. 

Any Order in Council under this Act may be revoked or 
varied by a subsequent Order in Council. 

Section 89.—Definitions of “ Factory,” “ Factory Premises,” 
“Mine ” and Commercial Building 

(1) In this Act the expression " factory ” means a factory 
within the meaning of section one hundred and fifty-one of the 
Factories Act, 1937: 

Provided that— 

(а) the said expression does not include any premises in the 

occupation of the Crown ; 

(б) the expression does not include any factory entirely 

situate in a building not wholly occupied by the 
occupier of the factory; 

(c) where part of a factory is situate in a building not wholly 
occupied by the occupier of the factory, that part shall 
be deemed for the purposes of this Act not to form 
part of the factory. 

(2) Where there is a factory in which more than fifty persons 
work— 

{a) the factory ; and 

(6) the remainder of any building in which the factory or any 
part thereof is situate ; and 

(c) any land -contiguous to the factory which is in the 
occupation of the occupier of the factory and any 
buildings on that land. 
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shall together be deemed to constitute factory premises for the 
purposes of this Act: 

Provided that— 

(a) no building whoUy or mainly occupied as a hotel or 

restaurant (other than a restaurant carried on for the 
use of persons working in the factory) shall be deemed 
to form part of any factory premises ; 

(b) no mine shall be included in any factory premises ; 

(c) no premises which are wholly occupied by public utihty 

undertakers shah be deemed to be factory premises for 
this Act. 

(3) , In this Act the expression " mine ” means a ihine or 
quarry in or about which more than fifty persons work, and not 
being part of factory premises. 

(4) Where any factory premises are contiguous to a mine 
and are occupied by the owner of the mine, 

(a) if the number of persons working in the mine exceeds 

the number of persons working in the factory the 
premises shall be deemed to form part of the mine ; 

(b) if the number of persons working in the factory exceeds 

the number of persons working in the mine, the mine 
shall be deemed to form part of the factory. 

(5) In this Act the expression “ commercial building ” 
means a building in which more than fifty persons work, not 
being— 

(a) a building whoUy or mainly occupied as a school, college, 

university, hotel, restaurant, club, place of public 
entertainment or amusement, hospital or nursing 
home; or 

(b) a building wholly occupied by public utility'undertakers 

for the purpose of their undertaking; 

Provided that— 

(i) no building which forms part of any factory premises or 

mine shall be deemed to be a commercial building ; and 

(ii) any residential part of a building shall, if it is provided 

with a means of normal egress from the building which 
is not available to occupants of the non-residential 
part of the building, be disregarded for all the purposes 
relating to commercial buildings. 

(6) In relation to the provisions of Part III of this Act 
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relating to the training of employed persons, this section shall 
have effect as if for the words “ fifty persons ” wherever they 
occur therein, there were substituted the words “ thirty 
persons.” 

(7) For the purposes of this Act the number of persons who 
work in premises shall be taken to be the greatest number of 
persons present at any one time : 

Provided that— 

{a) regard shall not be had to any temporary increase 
occasioned by a change of shifts ; 

(&) in the case of outdoor workers, regard shall not be had 
to more than twenty-five per cent, of their . total 
number. 

(8) The number of persons who work in or about a mine shall 
be the number who are simultaneously present in or about 
the mine otherwise than below the surface. 

Section 90.—Other Provisions as to Interpretation 

Various definitions. 

Section 91.—Application to Scotland 

This section deals with the necessary alteration in wording to 
cover the application of the Act to Scotland. 

Section 92.—Provisions as to Northern Ireland 

The provisions of this Act shall not extend to Northern 
Ireland. 

Section 93.—Short Title and Citation 

This Act and the Act of 1937 may be cited together as the 
Civil Defence Acts, 1937 and 1939. 


SCHEDULES 
First Schedule 

Part 1 . Financing of certain expenditure of Central Electricity 
Board and distribution of burden thereof among 
electricity undertakers. 
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Part II. Disposal of property acquired by Central Electricity 
Board under sub-section (i) of the principal section. 
Part III. Miscellaneous provisions. 

Second Schedule 
Modifications of Lands Clauses Acts. 


THE AIR RAID SHELTER CODE 

References to this code and interpretation thereof have been 
made constantly throughout the present volume, but for the 
convenience of the reader a digest of the code itself is given 
hereunder. 

Statutory Rules and Orders, 1939, No. 920 

AIR RAID SHELTERS FOR PERSONS WORKING IN 
FACTORIES, MINES AND COMMERCIAL BUILDINGS 

Revised Code 
August, 1939 

{Section 13 of the Civil Defence Act, 1939) 

DIGEST OF SCHEDULE 

Revised Code {Section 13 of the Civil Defence Act, 1939) for the 
Guidance of Occupiers and Owners of Factory Premises, 
Factories, Mines and Commercial Buildings, and other 
Persons concerned. 


Part I 

Requirements with which Shelter must Comply 

l.T—Definitions 

For the purposes of this Code— 

“ Air Raid Shelter ” means protection otherwise than by 
war-like means or by any article of apparel, from hostile 
attack from the air, and “ an air raid shelter ” means any 
premises, structure or excavation used to provide air raid 
shelter. 



524 


CIVIL DEFENCE 


" Trench shelter ” means a shelter in the form of a 
covered trench or tunnel which is covered with earth to a 
thickness of at least 12 in. at every part. 

" Accommodation ” relates to the number of persons 
accommodated. 

“ Prescribed stresses ” shall mean the maximum per¬ 
missible working stresses specified, 

{a) in respect of reinforced concrete, in the 
" Recommendations for a Code of Practice for the use 
of Reinforced Concrete in Buildings,” 

(6) in respect of steel, in B.S.S. No. 449-1937, 

(c) in respect of pressures on load-bearing concrete 
and masonry (brick and stone), in B.S.S. 449-1937, 

(d) in respect of timber, in “ By-laws for the Use 
of Timber ” made by the London County Council, 

1937- 

" Sound brickwork ” means brickwork consisting of 
sounds well-fired clay bricks, sand-lime bricks complying 
with B.S.S. 187-1934 for building bricks Class A, or 
cement concrete bricks having a crushing strength of not 
less than 1,500 lb. per sq. in., properly bonded and jointed 
in mortar set and hardened. 

" Brickwork in cement mortar ” means brickwork con¬ 
sisting of bricks as described above, bonded and jointed in 
cement mortar not weaker than one volume of cement to 
three volumes of sand, or in cement lime mortar not 
weaker than two volumes of cement, to one of lime to nine 
of sand. 

” Sound stonework ” means coursed stone masonry in 
sound condition. 

“ Ordinary concrete ” means concrete mixed in the pro¬ 
portion of not less than 112 lb. of cement compl5dng with 
B.S.S. No. i2-i93i or B.S.S. No. 146-1932 to 12 cu. ft. 
of suitable coarse and fine aggregate measured as combined. 

“ Structural concrete ” means concrete, consisting of 
not less than 112 lb. of cement to 2J cu. ft. of suitable 
fine aggregate and 5 cu. ft. of suitable coarse aggregate. 

“ Reinforced concrete ” means structural concrete, 
reinforced with not less than 2 lb. of steel of which at least 
07 lb. is distribution steel per cu. ft, of concrete. 
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2.—Lateral and Overhead Protection 

An air raid shelter must give 

{a) Lateral protection by means of not less than :— 

(i) in. thickness of mild steel plate or 
plates, 

(ii) 12 in. thickness of reinforced concrete, 

(iii) 13I in. thickness of sound brickwork or sound 
stonework, 

(iv) 15 in. thickness of ordinary or structural con¬ 
crete, unreinforced, 

(v) 2 ft. thickness of ballast or broken stone, 

(vi) 2 ft. 6 in. thickness of earth or sand, or 

(vii) a corresponding aggregate thickness of a pro¬ 
portionate combination of such materials, 
and (&) Overhead protection, subject to protection from 
falling debris, by not less than :— 

(i) i in. thickness of mild steel plate. 

(ii) 4 in. thickness of structural concrete reinforced 
if and as necessary or otherwise suitably strengthened 
or effectively supported. 

(iii) 6 in. thickness of ordinary concrete, reinforced 
if and as necessary or otherwise suitably strengthened 
or effectively supported. 

(iv) concrete in hollow type construction conform¬ 
ing with the requirements in the Appendix to 
Part I. 

(v) 8i- in. thickness of arching in sound brick¬ 
work or sound stonework. 

(vi) I ft. 6 in. thickness of ballast, broken stone or 
earth. 

(vii) a corresponding aggregate thickness of a pro¬ 
portionate combination of such materials, or 

(viii) a substantial building overhead consisting of a 
roof and not less than two floors (including that cover¬ 
ing the shelter) where such structure is enclosed with 
walls of brick, stone or concrete. 

Provided that other approved materials may be used. 

In an external air raid shelter wholly or partly above ground, 
the overhead protection must be such as to be a dead weight of 
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not less than 6o lb. per sq. ft. or must be fastened down to 
resist an upward force of 300 lb. per sq. ft. 

The lateral protection must extend throughout the height and 
the overhead protection must extend over the whole area of the 
shelter. 

Provided that in a shelter wholly above ground where the 
aggregate area of door and window openings in any one wall of 
a shelter compartment does not exceed one-quarter the surface 
area of such wall and the total width of such openings does not 
exceed one-third the total length of such wall, it shall suffice 
if the protection in such openings extend to a height of 6 ft. 
above the floor of the shelter, subject to movable protection 
being provided to the space above, such timber shutters 2 in. 
thick or mild steel shutters in. thick or other approved 
material or it shall suffice if the openings are protected by 
screen walls giving the lateral protection under section (2), 
situated not more than 12 ft. from the wall and extending 
beyond such openings to prevent the entrance of splinters. 
This requirement will be complied with where the extent of such 
screen beyond the opening is not less than its distance from the 
opening. 


3.—Protection from Falling Debris 

Adequate protection must be afforded from falling loads due 
to the collpase of any structure over a shelter or within a 
distance from such shelter equal to one-half the height of such 
structure, by the provision of a floor or by the strengthening 
of the existing floor or by a suitable roof based on an estimated 
static loading as representing the effect of impact, to the 
satisfaction of the Minister. 

Provided where such loads would not include heavy 
machinery, materials and goods of abnormal weight nor 
chimney-shafts, towers, heavy colonnades, pediments or 
cornices, but would comprise only the loads of a normal 
structure and superimposed loading of ordinary goods or light 
plant and equipment, it shall suffice if the falling loads be 
deemed to be static loads in accordance with the following 

{a) For buildings wherein the loads are carried on load- 
bearing brickwork or stonework :— 



THE STATUTORY BASIS OF A.R.P. 


527 


Number of Storeys at a 
Higher Level than the Top 
of the Shelter. 

Minimum Static Load (in 
addition to the Floor Load) to 
be assumed to represent the 
effect of the Debris, lb. per 
square foot of Floor Area. 

I or 2 

200 

3 or 4 

300 

over 4 

400 


(b) For steel or reinforced concrete framed buildings the 
debris load may be assumed to be a static load of 200 lb. 
per sq. ft. of floor area (in addition to the floor load) 
irrespective of the number of storeys over. 

4. —Stability 

All new constructions in connection with air raid shelter 
must be so executed that all loading occasioned thereby shall be 
safely sustained and transmitted to the ground without 
exceeding the prescribed stresses. 

Except in hard rock or other self-retaining materials, trench 
shelters must be provided with hnings consisting of concrete, 
brickwork, steel (suitably protected from corrosion), or any 
other suitable material. 

Where such trench shelter is at a distance from any building 
, or structure of riot less than one-half the height of such building 
the stresses in the hning of reinforced concrete or steel may 
exceed the prescribed stresses by 25 per cent. 

5. —Gas-proofing 

Every shelter for more than twelve persons must be con¬ 
structed to permit its being rendered. gas-proof without 
structural alteration. 

6. —Space required in Shelters 

(1) {a) in the case of a shelter accommodating not more 
than twelve persons, or (6) in the case of a trench shelter 
having openings at both ends into the open air, it must have 
for every person a floor area of 3I sq. ft. 

(2) In the case of a shelter not permanently sealed 
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against gas, and ventilated by natural means, or by 
mechanical means at a rate of not less than 150 cu. ft. of 
air per hour, per person, it must have, for every person, 
not less than 6 sq. ft. of floor area, 
not less than 50 cu. ft. capacity, 
not less than 25 sq. ft. of surface area of all walls 
backed by earth, other walls not less than 8| in. 
thick, floor and ceiling or roof. 

Provided the area, capacity or surface may be less 
subject to— 

(a) the shelter being ventilated mechanically at 
450 cu. ft. of air per hour for every person and 
provided arrangements are made for emergency 
operation of the ventilating plant, when gf sq. ft. for 
every person will be sufficient. 

(b) the shelter being entirely below ground level has 
abnormally massive construction with dividing walls 
not less than 3 ft. thick and heavy slabs or vaulting 
over not less than 3 ft. in thickness at any part 
inclusive of any solid fiUing, subject to authorisation 
of the Minister. 

(3) An unventilated shelter accommodating more than 
twelve persons and permanently sealed during the period 
of occupation must have, for every person, 
not less than 6 sq. ft. of floor area, 
not less than 50 cu. ft. capacity, 
not less than 75 sq. ft. of surface area of all walls 
backed by earth, other walls not less than 8^ in. 
thick, floor and ceiling or roof. 

Every trench shelter shall have a horizontal floor and a clear 
head-room, measured therefrom, of not less than 6 ft. extending 
throughout the length of such shelter. 

7.—Limits of Accommodation 

Every shelter should, wherever possible, be divided into 
sections or compartments for not more than 50 persons. 

Every trench shelter to accommodate more than 50 persons 
must be divided into sections. In a continuous trench such 
divisions must be effected by a change in direction through an 
angle of 80 to 100 degrees and extending in the new direction a 
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distance of not less than 5 ft. subject to such distance being not 
less than 25 ft. in the case of a second change of direction 
involving a return parallel to and opposite the first section. 

In any other shelter for more than 200 persons, compart¬ 
ments must be formed by the erection of dividing walls extend¬ 
ing the full height of the shelter. If such compartments 
accommodate not more than 50 persons each of the dividing 
walls must be of reinforced concrete not less than 12 in. thick 
or of sound brickwork or sound stonework not less than 
in. thick in cement mortar. 

If such compartments accommodate more than 50 persons 
the dividing walls must consist of either :— 

(a) reinforced concrete 24 in. thick, or 
(i) two walls, each of reinforced concrete 12 in. thick 
or of sound brickwork or stonework 13^ in. thick, with a 
space between not used as a shelter. 

No compartment may accommodate more than 200. 

8. —Accessibility of Air Raid Shelter 

Every shelter must be boldly marked and so situated and 
accessible by day and by night that persons may pass from 
work to their shelter within 7 minutes. 

9. —Entrances and Exits 

Every shelter shall have a 2 ft. 6 in. wide entrance. 

Every shelter for more than 12 persons must have at least 
two exits as remote as may be practicable from each other, 
one of which may be the normal entrance. One exit must 
give access to the open air and when possible be free from the 
danger of falling debris. Where the emergency exit gives 
access to another shelter the opening must not exceed 3 ft. 6 in. 
in height nor 2 ft. 9 in. in width. 

All reasonable measures must be taken to afford one entrance 
or exit proper protection from falling debris. 


10.—Drainage 

Adequate arrangement must be made to keep every shelter 
free from water. 
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11. —Sanitary Facilities 

Every shelter must have proper closet facilities at the rate of 
not less than one seat per 25 persons and subsidiary buckets 
and urinals as necessary. 

12. —Lighting 

Every shelter must be lighted, independent of the normal 
lighting service. Where generators or large storage batteries 
are employed they must be isolated and have separate 
ventilation. 

13. —Dangerous Pipes, etc. 

Pipes, tanks or containers which might prove a source of 
danger must not be permitted in any shelter, and water pipes 
and gas pipes must be provided with valves where they pass 
through any shelter. 


Appendix to Part I 

Rules for Hollow Types of Floor conforming with 
Standard Overhead Protection 

(a) hollow tiles or hollow concrete blocks of a maximum 
width of 12 in., embedded between reinforced concrete ribs 
of width not less than 2 in. or one-quarter of the width 
of the tiles or blocks, whichever is the greater, or 

ip) precast reinforced concrete structural units of a 
maximum width of 12 in., with or without supplementary 
ribs of reinforced concrete deposited in situ or supple¬ 
mentary steel in the joints between the units, 
and which in each case [a) and (6) has, above the system of tiles, 
blocks or precast units not less than 3 in. of reinforced concrete, 
or alternatively not less than 2^ in. of reinforced concrete, 
together with a superimposed screeding not less than i in. thick. 

Part II 

Advice as to Incidental Matters and as to Methods to be 

FOLLOWED IN PROVIDING SHELTERS 

Each case must be treated individually, and advice on the 
best method of treatment should be sought from engineers or 
architects qualified. 
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Layout of Shelters 

Wherever possible, shelters should be spaced at least 25 ft. 
apart, measured in the clear. 

Shelters within buildings 'should wherever practicable be 
placed below ground level or at ground floor level and due 
regard should be given to the nature of existing structures on 
the site. 

Fig. 243 illustrates some characteristic sources of danger to be 
avoided in the layout of shelters in industrial buildings. 

Area A should be avoided since injury to exposed columns 
and stanchions would lead to the collapse of the building 



resulting in heavy debris loads, and the provision of satisfactory 
emergency exits would be difficult. 

Area B is unsuitable for shelter, firstly because it might be 
rapidly flooded if the canal wall were injured, and secondly 
because it would be liable to be crushed by the fall of the 
heavy water tank. 

Area C is unsuitable because of its immediate proximity to 
the base of the water tank, and because it will rarely be 
economical to strengthen the roof to withstand the fall of 
heavy machinery. 

Area D would require special protection of pavement and 
stallboard lights on account of the possibility of collapse of the 
heavy cornice and parapet, which again would make the 
problem of emergency exits particularly difficult. 

Area E. Inflammable construction or the storage 6f inflam- 
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mable material immediately under the glazed roof would 
present a fire hazard which might <‘ii<laiigrr the whole building. 

Area F immediately at the base of a large chimm-y-staek is 
unsuitable for the provision of shelters. 

Steam boilers, large refrigerating plants, large* furnaces, oil 
tanks and cliemical storage tanks would endanger life near 
them if they were fractured aiul their inunediate vicinity should 
be avoided in laying out shelters. 

The code concludes witli a .section dealing with typical 
shelters generally as explained in Chujder X. 



CHAPTER Xlir 

THE RESPONSIBILITIES OF THE LAYMAN 

The provision of air raid shelters, according to Govern¬ 
ment decree, is left in the hands of local authorities and 
individual occupiers of premises. The Government has, 
however, offered to assist schemes for air raid shelters, pre¬ 
pared by local authorities and approved by the Home Office by 
paying up to 85 per cent, of the cost exceeding the amount that 
would be met by a penny addition to the rates. 

In order to speed up the work of providing suitable refuges 
for the 45 million odd urban population of this country each 
citizen must play his part in loyal co-operation with the 
Government and local authorities. 

In order to minimise the risk to an unprotected civil popula¬ 
tion the German Government has enforced measures whereby 
public undertakings and proprietors of works, factories, and 
large business houses are obhged to provide scientifically 
constructed shelters for their employees and organise first aid, 
relief and anti-fire services. Inspection and exercise in their 
use are carried out regularly. Each industry undertakes to see 
that its members comply with the Government’s instructions, 
the Air Ministry exercising central control. 

In this country the ever free Briton is left to co-operate with 
the authorities on a voluntary basis and true to his nature is 
exhibiting a lamentable apathy to the whole question. He 
quite sensibly is unmoved by the alarmist but on the whole he 
does not take A.R.P. seriously enough. 

Conditions are not as they have been for centuries past. We 
will not have time to muddle through to ultimate victory. The 
attack from the air will not be a mere three-minute raid but a 
sudden intense concentration, which directed against the 
courage of our people will continue unceasingly for a week or 
more until if we are unprotected complete demoralisation will 
result. 
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Panic, our worst possible enemy, must not be permitted. You, 
Mr. Householder, positively must determine to “ stand-fast ” 
and hold your family sanely to courageous fortitude in an 
emergency. 

Can you voluntarily discipline yourself to this truly 
important rdle ? 

Do not doubt it. Many an individual openly admitting to a 
high degree of " wind up ” has proved himself a “ stout fellow ” 
and an example in an emergency, merely through the expedient 
of doing something useful. 

Your patriotic duty, then, is to learn what to do. There is 
no better way than enlisting with the voluntary A.R.P. Workers, 
of which approximately one to each ten households arc required 
as a minimum. You may join in the district in which you 
work or in which you live. Indecision and delay is an evasion 
of your civic responsibilities. 

You may be willing to stake your own life on a bet that 
there will be no war, but dare you stake also the lives of your 
wife and children and the lives of your employees ? 

What have you done for your family ? 

Have you not yet improvised a refuge ? 

Have you not yet practised with a mask ? 

Are the children quite at home in the shelter ? 

Have they not been encouraged to familiarise themselves 
with its occupation ? 

Have you cleared the loft of inflammable or combustible 
material ? 

Have you installed any fire protection ? 

Are you ready with appliances to deal with the incendiary 
bomb ? 

And what about a reserve supply of preserved food for use 
when the normal supplies temporarily fail ? 

And have you thought how best to carry on with your job 
even when your usual train, tram or bus fails to serve you ? 

And what about your pets ? 

Have you thought out resourceful ways of meeting these 
contingencies ? 

Have you yet done anything to help yourself and your family 
to meet emergency conditions ? 

Do not delay. Preparation for passive defence now will 
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minimise the risk of attack almost in proportion to the thoroughness 
of the measures you undertake. 

Determine to be self reliant, help yourself and your less 
fortunate neighbour; do not expect your local authorities or 
the national services to function expressly for you ! 

In abnormal emergency conditions it is your patriotic duty 
to Help Yourself! 

How about your staff at the office or works ? 

Have you a cut and dried A.R.P. Scheme ? 

Are each man’s duties defined and have you yet had any 
exercises ? 

Do not rely upon evacuation. You cannot hope to have an 
opportunity to scuttle out to the country. The warning will be 
too short, besides which transport demands will be excessive 
and normal organisation cannot be expected to stand the 
strain. 

The roads will not be passable to your car, even if they are 
free of defence service transport. Panic and congestion on the 
roads would account for countless casualties which would be 
avoided by the simple expedient of taking cover wherever you 
maybe. 

A chance bomb crater on a road would hold up traffic for 
hours and machine gunning of main exits from the Metropolis 
is to be expected in a raid. 

To sum up the Civilians’ patriotic duty is to prepare now 
against the worst, which may thus be avoided altogether. 

CHILDREN 

The Board of Education have issued a circular (No. 1461, 
dated January 3rd, 1938) on " Air Raid Precautions in Schools ” 
and in which they state— 

“ The responsibility of determining the arrangements 
which are best suited to the circumstances of particular 
localities or schools is primarily one for the Local Educa¬ 
tion and School Authorities in consultation with the local 
Air Raid Precautions authorities, and the measures to be 
adopted in particular areas will need to be co-ordinated 
with the general scheme of protection for the locality as a 
whole,” 
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and go on to set down notes for the assistance of those 
concerned. 

Emphasising that the primary consideration must be the 
safety of the children they point out that each Authority will 
wish to consider whether in the conditions likely to prevail in 
its area at such a time it will be reasonable to expect parents to 
allow their children to continue to attend school. 

Evacuation to safer districts and dispersal to private houses 
or even camps is being arranged in some cases. In other cases 
where the risk is not so great schools kept open will be under 
strict A.R.P. discipline and children will carry their masks to 
and from school. Anything in the nature of gas drill except in 
real emergency is deprecated by the board, but responsible 
teachers are urged to train themselves in technical methods of 
protection, decontamination, etc., under the A.R.P. vServices 
and in First Aid. 

Structural A.R.P. are contemplated only in exceptional cases 
as schools in districts liable to attack would in all probability be 
evacuated and utilised as first aid posts under passive defence 
schemes. 


ANIMALS AND AIR RAIDS 

Generally 

Animals are very susceptible to injury in air raids and apart 
from direct injury from high explosive bombs or burns from 
incendiary bombs the effects of gas on animals can be very 
distressing and is more often than not fatal. 

General Richteur, Veterinary-General of the German Army, 
stated that when a tank of phosgene exploded at Hamburg all 
the animals, both wild and domestic, were destroyed within a 
range of several miles. 

The whole subject of chemical warfare and animals is a very 
involved one engaging the close attention of the authorities. 
In the absence of official pronouncements on the question, the 
following notes are proffered in the confident hope that they 
wiU be of assistance to those seeking guidance on the subject. 

That animals will be the deliberate target of air raiders is 
generally unlikely but herds of dairy cows and concentrations 
of food animals at markets and ports might be the subject of 
attack. It is, however, quite evident that domestic animals 
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retained in urban areas would be involved in the results of an 
air raid equally with the civil population and being unable to 
help themselves would no doubt suffer to a greater extent. 

As in the case of the citizen the best defence for the animal is 
dispersal and evacuation. As, however, it is unlikely that 
warning of a raid would be received sufficiently early to permit 
of orderly evacuation or even immediate dispersal, it is 
necessary for us to consider now what steps are to be taken 
to reduce animal suffering in the event of air raids. 

The Royal Society for the Prevention of Cruelty to Animals 
has prepared a leaflet giving directions concerning first aid to 
animals injured in an air raid and as is well known, the Society 
has 220 inspectors throughout England and Wales, and their 
services would naturally be available in cases where animals 
were injured and had to be destroyed. Co-operation could no 
doubt also be arranged with the Veterinary Profession for the 
treatment of such animals. 

The People’s Dispensary for Sick Animals have seventy-three 
dispensaries all equipped to take in sick animals of the poor and 
a man will be constantly on duty in a gas-proofed shelter. All 
people in an emergency are encouraged to bring their animals 
to the dispensaries where they wiU have every attention. The 
P.D.S.A. has done sterling work in the interests of the health 
of animals and are preparing protective measures to be 
employed in air raids, suitable for the local conditions. 

The Zoological Society are also investigating the matter and 
the Home Office have the question of the protection of animals 
under consideration. 

Unfortunately at the time of going to press the findings of 
the various Committees are not available and the following are 
therefore the author’s own notes and views on the subject. 

Animals in the Rural Districts 

Large concentrations of animals in the country should be 
avoided under air raid emergency conditions and dispersal 
should be arranged over as wide an area as possible. If gas 
attack is expected low lying and confined pastures should be 
shut off and the high ground of the open country used in 
preference. 

Any pasture, which has been affected by Mustard Gas or 
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similar persistent gases should be shut off from cattle until 
properly decontaminated. This can best be effected by 
spraying with a decontaminating solution of diluted bleach and 
exposed preferably to rain and sun before cattle are allowed 
again to enter. 

Forage suspected of being contaminated with gas .should be 
burnt, but w‘here possible forage should be stored in well 
protected concrete silos. 

Farm roads should preferably be constructed of concrete to 
facilitate decontamination and hosing down. Dipping baths 
for the decontamination of animals are recommended and the 
animals should be well washed with water both before and after 
the bath. 

Harness of horses may require decontamination and should 
preferably be kept in a gas-proofed store. 

Hay lofts over stables should be cleared to minimise fire risks 
and rapid means of escape for horses from bombed stables 
should be provided. 

Concrete floors and stall partitions are hygienic, permanent 
and fire resistant. 

Cows, hens and other farm stock should have gas-proof barns 
provided for them and if the farm is a large and conspicuous one 
or its situation adjoins an important town likely to be bombed 
with high explosive the farm buildings and barns should also 
be splinter proofed. 

Unless it is possible to splinter-proof roof constructions of 
farm buildings the sandbagging or other .splinter resisting 
construction need not be carried to a height of more than 8 ft. 
from the ground. 

The fire-proofing of all buildings housing animals in an air 
raid is highly desirable, especially if panic and wholesale 
destruction is to be avoided. 

The fresh air requirements of animals is of considerable 
importance and the minimum space required for each as well as 
the surface area necessary for the dissipation of heat must be 
investigated and adequate provisions made. 

Comparisons of the Respiratory Exchanges of Animals and Man 

The Respiratory exchange is the exchange of gaseous 
substances taking place between the organism and the sur- 
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rounding atmosphere. Oxygen is constantly absorbed by 
animal organisms and carbon dioxide is expirated. Respiratory 
exchange is the combustion within the body and by which 
carbon and hydrogen of the animal tissues are combined with 
oxygen to form carbon dioxide and water. The gas exchange 
is utilised in three main directions :— 

1. To establish the carbon balance of the organism. 

2. To determine the nature of the substances catabolised. 

3. To measure the total catabolism. 

This last is ascertained by colorimetry which indicates the 
total energy transformation independent of the metabolic 
process. 

Muscular movements increase metabolism considerably and 
nervous excitement, body temperature, condition of activity of 
digestion, etc., all have their respective influences. From the 
experiments of Tigersteadh, Loewy and Voit it would appear 
that warm-blooded animals at rest and quiet stand in the 
following approximate relation :— 


Table XCIX 


Animal. 

Average Weight ia 
Kilogrammes. 

Total Calories in 

24 hrs. 

Horse . 

445 

8,450 

Pig 

128 

2,430 

Man 

70 

2,240 

Dog 

15 

1,050 

Goose . 

3-5 

233 

Cat 

2-5 

200 

Rabbit . 

2-2 

160 

Hen 

1-5 

123 


The figures in the last column are approximately propor¬ 
tional to the relative amounts of fresh air required by each, and 
as the calories per square metre of surface area per 24 hours is 
the average of 1,000 for each animal the capacities of closed 
shelters can be calculated from the figures tabulated overleaf. 
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Table C 



NORMAL. 

CRUSH. 

Animal. 

c.f.m. 

Total Area in sq. ft. 
for 9 hrs. Occupation. 

c.f.m. 

'J'otal Area in 
sq. ft. for 

3 hrs. Occupation. 

Horse . 

1-35 

340 

0-74 

230 

Pig 

0-39 

100 

0*23 

67 

Man 

0-36 

90 

0*20 

60 

Dog . 

0-17 

42 

0*095 

28 

Goose . 

0-04 

10 

0*022 

7 

Cat 

0-03 

8 

0*017 

5 i 

Rabbit . 

0-025 

1 

0*014 

4I 

Hen 

0-02 

5 

0*011 

3 .^ 


The capacities for closed ventilated shelters can be calculated 
from the minimum requirements given in the following 
table:— 


Table CI 



NORMAL. 

CRUSH. 

Animal. 

c.f.m. 

Floor Space, sq. ft. 

c.f.m. 

Floor Space, sq. ft. 

Horse . 

9-5 

50 

3-8 

35 

Pig 

2-7 • 

25 

I*I 

10 

Man 

2-3 

6 

1*0 

3-5 

3 

Dog . 

1*2 

8 

0-5 

Goose . 

0-28 

6 

O-II 

3 

Cat 

0-22 

5 

0-09 


Rabbit . 

0-l8 

4 

0-07 

2 

Hen 

0-14 

4 

o-o6 

2 


Until the results of experiments being carried out by 
interested authorities are available it is not known to what 
extent animals of different classes would panic under the 
abnormal conditions obtaining in a closed shelter and under 
the noise of a bombardment. 
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It will therefore be advisable to allow a considerable margin 
on the minimum figures given above. 


ANIMALS IN URBAN DISTRICTS 

Generally 

If any warning is received of the outbreak of hostilities 
arrangements should at once be made to evacuate as many as 
possible of the animals to rural areas. It will, in any event, be 
wise to clear all domestic animals from ofif the streets and to 
accustom them to occupy shelters which can be suitably 
protected. 

The following figures taken from a census of Greater London 
in 1937 show the astonishing number of animals that there are 
in urban areas :— 


Table CII 

Animals 

Horses 
Cattle 
Sheep 
Pigs 
Dogs 
Cats. 

On receipt of a warning or when you consider the outbreak of 
hostilities imminent do not hasten to have domestic animals 
destroyed but seek the advice of the National A.R.P. Animal 
Committee, Gordon Square, St. Pancras, W.C. 

The leading animal welfare societies have pooled their 
transport and resources to form a committee under Col. R. J. 
Storey, head of the R.S.P.C.A. veterinary unit in the 
Abyssinian war. 

The Committee have issued the following recommendations 
to owners of pets, for emergency measures:— 

(1) Send them into the country in advance of war. 

(2) Equip dogs with muzzles and leads. 

(3) If travelling by public conveyance, cats should be in 

baskets. 


IN Greater London 


40,000 

9,000 

6,000 

18,000 

400,000 (licensed) 
1,500,000 (estimated) 
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(4) If you decide to keep your pels with you iind out the 

name and address of the nearest veterinary surgeon 
or animal welfare centre. (The police have the 
information.) 

(5) Remember—animals will not be permitted to enter 

public shelters. 

(6) If you leave at short notice, in no circumstances leave 

your animals in the house or turn them loose. 

Horses 

There are a million and a quaiTer of horses in this country 
and 200,000 of these are employed in transport work principally 
in urban districts. In London one milk firm alone employs 
nearly 5,000 so that the urgent need for a scheme for protection 
is readily apparent. 

Gas masks for horses as illustrated in Fig. 55 were employed 
during the war but they do not as a rule take kindly to them. 
Many animals iregard them as nosebags and endeavour to find 
something to eat in' them. Masks greatly impede the flow of 
air to the lungs and horses should not be required to work in 
them. They should not be made to run and when wearing 
masks should be frequently rested. 

Although lacrimators do not appear to affect the eyes of 
horses the mask only protects the nostrils and the upper jaw. 
Horses are therefore liable to contamination and injury from 
mustard gas, particularly on the pasterns and fetlocks. 

This was the experience in the war and horses were so badly 
burned and blistered that they had to be destroyed. 

Animals which are required to traverse ground suspected of 
being contaminated with vesicant gases should be provided 
with gas protective puttees or leggings of oilskins. 

If contaminated areas must be crossed and leggings are 
not available, smear anti-gas ointment No. 2 (consisting of 
chloramine-T in a vanishing cream base) on legs below knee 
and hock joints, especially in the hollow of the heel. 

Avoid undue splashing by walking horses and when clear of 
the contaminated areas wash off ointment with hot water and 
soap. 

The provision of complete suits of oilskins for horses, 
donkeys and mules would not be attempted outside the circus 
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ring and is not a practical solution of the problem. It is 
undoubtedly best to shut up the animals in gas-proofed stables 
with at least two attendants to each twelve beasts. 

It would not be advisable to accommodate more than twelve 
in each stable and these should preferably be in stalls. Larger 
stables should be subdivided into individually gas-proof 
compartments. 

A desirable size would be 40 ft. x 27 ft. x 12 ft. high 
(average) giving 2,880 sq. ft. in walls and roof and if this 
building were completely sealed the safe period for occupation 
would be about three hours when twelve horses and two men 
were inside. 

It must be remembered that it will not be possible to open up 
the stable for ventilation until the gas is clear of the vicinity or 
gas masks have been fitted. 

The stables at the large P.D.S.A. Sanatorium at Ilford are 
being rendered gas proof, and full arrangements have, been 
made to deal with any emergency which might arise either for 
animals or the staff. 

If the stables described above were ventilated with, say, 
150 c.f.m. of fresh and filtered air, twelve horses and two men 
could occupy the protected stable practically indefinitely. 
Independent water and protected food supplies would however 
be necessary and the men would have to operate the filter- 
ventilator continuously. All protected stables should have 
air-lock entrances at least 10 ft. long. 

The danger of fire and the difficulty of rescuing animals from 
burning premises needs no emphasis. 

It is often better to cover horses’ heads with split sacks or 
large pieces of cloth to make them more tractable when being 
led from a burning stable, whilst the use of the R.S.P.C.A. 
quick release slip-hook in securing the animals in stables or 
byres facilitates their rescue. 

When there is cause to anticipate an emergency, all equines 
working in large towns should be provided with a 12 ft. lead 
worn round the neck conveniently coiled for rapid release and 
fitted with a halter under the bridle. 

In an emergency, the lead is released its length, allowing the 
driver to unharness the animal whilst still keeping it under 
control. A nosebag slit down the back and provided with a 
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zip fastener enables some feed to be offered without removing 
halter, harness bridle or bit, thus allaying possible panic. 

The horse should be tied to a heavy vehicle away from danger 
of falling ddbris of buildings. 

Horses should not be tied to railings, lamp-posts or Belisha 
beacons and should never be secured with the reins or to the 
bit. 

Cattle 

Dairy cattle accommodated in urban districts need special 
care and attention. Not only do the protective measures 
indicated for the horses require to be undertaken but special 
precautions to prevent possible contamination of milk supplies 
must be observed. Cows eat gas masks fitted to them. 

Special regulations will no doubt shortly be issued by the 
Milk Marketing Board and the author will not presume to 
anticipate the form that they will take. 

Sheep 

Sheep are particularly susceptible to injury from vesicant 
gases and to contamination of their wool from pasture subjected 
to persistent gas. They should be accommodated in an 
emergency in gas-proofed and otherwise protected barns with 
shepherds to attend and operate the filter-ventilator. Their 
space and air requirements are approximately the same as 
those for the pig. 

Pigs 

The normal space required for a pig, sow and litter is I2 ft. 
X 9 ft., but in an emergency forty pigs could normally be 
accommodated in a barn having i,ooo sq. ft. of floor space and 
having an average height of 12 ft. With two men atten¬ 
dants these animals would probably safely occupy the barn 
completely sealed up for three hours. 

The same bam ventilated with 150 c.f.m. filtered fresh air 
would accommodate forty pigs and two men attendants almost 
indefinitely. 

The crush capacity being 100 pigs and two men with 
150 c.f.m. for, say, six hours or more if really necessary. 
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Dogs 

Gas masks for specially trained messenger dogs were used 
successfully during the war but as the masks cover the whole 
head or at least the eyes, nose and mouth, ordinary dogs soon 
become quite uncomfortable in them. 

As the energy of respiration is not very vigorous, especially 
in the case of the smaller dogs, the filter canisters on the masks 
need to be exceptionally large and heavy to minimise air 
resistance. 

The use of masks on dogs is therefore not generally recom¬ 
mended and owners are advised to take their dogs into gas¬ 
proof shelters with them. The most important point is to 
prevent the dog from running about, thereby using up excessive 
quantities of oxygen. Loud explosive sounds are painful to 
dogs which soon become terrified in the noise of a bombard¬ 
ment. It is therefore unwise to leave them unattended. 

Whatever course is decided upon should be put into operation 
without delay in order to train the dog to accustom itself to the 
new conditions. A gas-proof kennel, designed by a member of 
the P.D.S.A. Technical Staff, is manufactured by Messrs. 
Boulton & Paul Ltd., of Norwich. 

The kennel is complete with two regulation filters (as used 
on human gas masks), stale air outlet valves, and bellows. 
Purchasers are advised to use the kennel immediately in order 
that the animal may become used to it. It is essentially an 
indoor kennel, and can be used as an ordinary peace-time 
kennel in which the animal can eat and sleep. One simple 
movement of sliding out the floor and closing the gas-tight door 
converts it into a perfectly safe gas-proof chamber providing 
the animal with fresh filtered air for an indefinite period. This 
is done by means of beUows which operate by the weight and 
even slight movements, breathing, etc., of the animal, and 
these bellows are compensated by special springs. 

Model A. Suitable for animals weighing from 8 to 32 lb. 
Kennel, 3 ft. 4 in. long, i ft. 10 in. wide, 2 ft. 6 in. high. 

The price of the kennel is £$ los. unpainted, in white wood, or 
£3 13s. oak stained. 

The P.D.S.A. does not make any profit from the sale of these 
kennels, but they have come to an arrangement with the 
manufacturers, whereby for every few kennels sold, the 



CIVIL DEFENCE 


546 

P.D.S.A. receive a free kennel which they are arranging to pa?s 
on to persons who cannot possibly afford to buy—such as the 
very poor. 

These kennels can be ordered either from the P.D.S.A., 14 
Clifford Street, London, W., or from Messrs. Boulton & Paul, 
of Norwich. 

Kennels for large numbers of dogs should be gas-proof and 
at least two men attendants to each fifty dogs employed 
continuously. 

In ventilation 70 c.f.m. would be required for such a kennel 
which provided with independent water supply and protected 
food store could be occupied continuously for an indefinite 
period. 

The P.D.S.A. kennels at the Sanatorium at Ilford could 
house their normal capacity of dogs in safety during an air 
attack, and without fear of panic. The P.D.S.A. only treats 
sick animals whose owners cannot afford professional treatment 
or if professional treatment is unobtainable, and it is interesting 
to note that during 1938, a million cases of suffering animals 
of the poor received free treatment by the Society in their 
104 dispensaries. 


Cats 

These animals present a difficult problem as considerable 
suffering may be caused them if any attempt is made to 
accustom them to gas masks. They should be kept in the 
house at night when raids are expected so as to avoid loss of 
time and patience in looking for them prior to retiring to the 
shelter. They do not consume large quantities of oxygen and 
should therefore be taken into the family shelter during a raid. 


Small Farm and Domestic Animals 

These should be accommodated in protected barns in small 
groups not exceeding fifty and provided with space and air 
generally to the scale laid down in the foregoing tables. In 
every case the number of the attendants should not be less 
than two so that in the event of the incapacitation of one of 
them the other could carry on. 
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Pigeons 

Birds are exceedingly susceptible to the effects of poison gas. 

Impregnated flannelette bags were provided for gas protec¬ 
tion of pigeons in the war. The bags 15 x 15 x 25 in. were a 
close fit over the cages with a draw string at the top. Pigeons 
should be released at once if they are unable to be suitably 
protected. 

Parrots and other Pet Birds 

These should be protected from gas with impregnated covers 
to cages generally as described above and should be taken to 
the family shelter immediately upon the commencement of the 
air raid or on receipt of warning. 

Do not desert your animals in an emergency. Caring for 
them is a great help to one’s own stability, and if they are 
injured take them at once to the R.S.P.C.A. clinics or to the 
nearest veterinary surgeon. Those who cannot afford pro¬ 
fessional treatment are advised to go to one of the P.D.S.A. 
Dispensaries. These dispensaries will, however, be available 
to all in a national emergency. 

Take the precaution of finding out the nearest address now ! 

FIRST AID TO INJURED ANIMALS 

H.E. 

Splinters and flying fragments cause wounds, resulting in 
loss of blood, and serious bleeding is a real danger to the life 
of an animal. 

Struggling increases the danger, and small animals can be 
rolled in a sack and the legs tied together. 

Place a wad of cotton wool soaked in Friars Balsam on 
wound and bind tightly with antiseptic dressing. Profuse 
bleeding may be controlled by the application of a tourniquet 
above the wound, but this should never remain tight for more 
than one hour. 

Gas 

“ Tear and nose irritants ” produce no serious effect on 
animals, the “ choking ” gases are dangerous and " blister ” 
gases usually fatal. , 
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TREATMENT 

{Contamination with Mustard Gas.) 

(a) Swab with petrol and wash thoroughly with soap and 
warm water. 

(b) Well rub in protective ointment (equal parts of bleaching 
powder and vaseline) and wash off thoroughly within three 
minutes; or 

(c) Wash thoroughly with frequent changes of warm water 
and soap. 

Wash out eyes with plain warm water or salt water (one 
teaspoonful to i pint) and put few drops of medicinal paraffin 
in eyes. 

{Contamination with Lewisite.) 

Well scrub with hot water, soap and soda. 

Treat eyes as for mustard. 

Burns or blisters should be treated by a veterinary surgeon. 

In minor cases of ordinary burns and scalds apply strong 
cold tea and afterwards dust over with flour. 

Animals injured beyond reasonable hope of recovery should 
be speedily dispatched with a humane killer. (See R.S.P.C.A. 
pamphlet 326.) 


THE FACTORY OWNER—RESPONSIBILITIES 
Schemes for Factories 

It is urged by the Home Office that all factories should 
prepare an A.R.P. scheme, and the particulars as to this are to 
be found in Handbook No. 6. 

In order to meet an air attack successfully certain A.R.P. 
services are essential, and provision should be made for the 
following:— 

{a) Fire. Considerable augmentation of existing fire services 
will be necessary to deal with the incendiary bomb menace. A 
number of small parties equipped with Redhill apparatus and 
stirrup pumps will usually be required. 

{b) Medioal. First aid arrangements and personnd will 
require to be increased, and the personnel should have training 
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in dealing with gas casualties. Arrangements must he made 
for the cleansing of personnel who may be contaminated with 
liquid gas. {Vide Appendix D, A.R.P. Handbook I.) 

(c) Decontamination. Personnel will be required to carry 
out decontamination of material and must be trainied and 
equipped for this work. 

(d) Rescue Work. Parties should be trained for the rescue 
of personnel who may be trapped in damaged buildings. 

(e) Repairs. It is advisable to have trained personnel to 
carry out urgent repairs to buildings and to plant. 

When preparing such a scheme, close touch must be kept 
with the Local Authority as anything which is done by the 
factory as regards A.R.P. preparations must be co-ordinated 
with the Local Authority Scheme. 

It is pointed out by the Home Office that even poor protection 
is better than none at aU, and that if everyone in the factory 
knows where to go and what to do in an emergency, panic 
should be avoided, and the more complete the scheme as regards 
detail, the smoother it will work should it be required to put it 
into operation. Rehearsals, as carried out for boat drill on 
board ship, are very valuable for ensuring such smooth working. 

It is also pointed out that the preparation of an Air Raid 
Scheme does not mean the inevitability of an air raid any more 
than the taking out of a fire insurance policy means the 
inevitability of a fire. 

It is considered that with the aid of A.R.P. Handbook No. 6 
it should be quite possible for most firms to prepare schemes 
for their factories, but in the event of difficulties being encoun¬ 
tered, such firms are advised to consult the A.R.P. department. 

THE TOWN PLANNER—OPPORTUNITIES 

From time immemorial considerations of military defence 
have influenced the planning and layout of towns, and to-day 
the need for the adaptation of town planning to suit the 
requirements of passive defence against aerial attack is stronger 
than ever. Long term town planning constitutes the most 
far-sighted civil defence policy of all, and a thorough survey of 
the whole of the country is badly needed, with the object of 
providing the professions with an enlarged and up-to-date 
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ordnance survey of towns and their environs, showing under¬ 
ground railways, services, drains, etc. 

Under section 70 of the Civil Defence Act, 1939, it is necessary 
to include among the general objects for which a scheme may 
be made under the Town and Country Planning Act, 1932, the 
object of rendering the whole or any part of the area to which 
the scheme applies less vulnerable to air raids. 

The present urban congestion which renders our cities 
particularly vulnerable to attack from the air must be relieved 
by urban reconstruction and judicious decentralisation. 

Various proposals have from time to time been put forward. 

One is to distribute the whole of the population over the 
country in small detached units of buildings equivalent to a 
spacing of some hundreds of yards between units and thus by 
complete decentralisation dispersing all urban targets and 
reducing danger from the air to negligible proportions. 

Such a scheme pre-supposes a very highly developed system 
of communication and transport but involves the complete 
sacrifice of urban civilisation and of industrial economy. An 
unpopular and impracticable scheme. 

Other town planning proposals involve the concentration of 
huge populations in sky-scraper buildings widely spaced with 
the object of facilitating economic industrial and commercial 
pursuits without encroaching upon the preserved open spaces 
between units. 

Such an arrangement would appear to be the reverse of the 
ideal from the point of view of passive defence as the buildings 
would be conspicuous—casting a huge shadow which cannot 
be camouflaged—^would present a large vertical wall and 
horizontal roof target, would be the first buildings to be 
evacuated in a raid or would create untold panic in its many 
thousands of population who normally require Some hours to 
vacate the building. 

Properly to design such buildings to resist complete collapse 
under aerial bombardment would involve prohibitive costs, and 
the fire risk in the sky-scraper would be greatly increased. 

■ As in the planning of shelters the smaller the unit the less the 
risk, and it would therefore appear that the congtruction of 
“ satellite " towns not exceeding, say, 50,000 inhabitants, and 
each planned in accordance with the latest principles of town 
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planning as a complete and self-contained community spread 
over about 4 square miles, would meet the most urgent need 
of decentralisation and would afford facilities for the expansion 
of industries at present inadequately catered for in congested 
premises in cities. 

Local authorities at present in difficulties regarding the 
provision of the necessary rehousing need no longer adopt the 
unpopular multi-storey flat building on expensive urban sites 
if they were to establish dormitory suburbs as part of the 
general scheme of decentralisation. 

Ten milhon of the population of this country stiU require to 
be rehoused! 

What an opportunity for the town planner ! 

The urban replanning envisaged would necessarily take a 
decade or more in its execution and what therefore must be 
done in the interim if a reasonable degree of protection is to be 
afforded the citizen in an air raid of any magnitude ? 

At the time of going to press Sir Samuel Hoare, Home 
Secretary, had disclosed in Parliament that an invulnerable and 
secret battle headquarters would be established for the White¬ 
hall departments in the event of war, that time-tables had 
already been worked out to move three and a half million of the 
population of London by rail fifty miles from London in 
seventy-two hours (without tickets), that about another two 
million would have trench or dug-out accommodation in the 
8,100 acres of open spaces in London, and that evacuation of 
school children with their teachers has been worked out in 
detail. Private house owners are urged to place their base¬ 
ments and cellars at the disposal of the public and the construc¬ 
tion of shelters is an urgent necessity. 

Base line hospitals are planned on the outer ring of London, 
and in the event of war Oxford and Cambridge colleges may be 
taken over to house the casualties cleared from the hospitals. 

THE ARCHITECT—RESPONSIBILITIES 

In the Civil Defence of the nation very considerable responsi- 
bflities devolve upon the architect, and there is no excuse 
nowadays for designing a new building to be constructed in 
such a manner as to render it unsuitable for adaptation to the 
passive defence of the occupants; indeed, in some continental 
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countries it is against the law so to construct new buildings. 

As pointed out on page 196, the adoption of the features in 
building design desirable from the point of view of passive 
defence need not involve a cost which is additional to that of an' 
ordinary building of the same accommodation. It is the 
patriotic duty of architects to induce their clients who intend 
to construct large buildings to adopt a flat roof containing a 
roof garden which ■will afford protection against incendiary 
bombs and may at the same time enable many acres of market 
gardening area to be re-established in the city. Except on 
expensive and restricted sites basements are often omitted 
but the desirability of constructing basement shelters which 
can be used for storage purposes in peace time should be 
emphasised. 

In modern suburbia the basement has become a rarity, but 
in the future architects should include in all housing proposals 
an adequate number of shelters designed for the dual purpose of 
ordinary peace time use or emergency occupation in a raid. 

The shelter room shown on Figs. 159 and 160, the streng¬ 
thened basement on Fig. 115, and the lean-to shelter on 
Fig. 125 all offer appropriate means of attaining this end. 

Greater attention should be given to fire-resisting construc¬ 
tion and if timber is used in roofs and floors this should be fire¬ 
proofed or covered with a fire-resisting medium. 

As in the case of multi-storey buildings roof gardens afford a 
high degree of protection against the incendiary bomb, whilst 
the installation of gas-proof doors and -windows should be 
normalised. 

Services—^gas, water, electric light and main drainage are 
collectively installed and are obviously a modem development 
which cannot be abandoned. In emergency conditions, how¬ 
ever, bulk supplies from large installations are a source of 
danger and should be supplemented where possible with 
independent service units to each building. 

Sanitary services to cesspits and soakaways should be 
installed with the permanent shelter, and emergency water 
supplies through a tank normally kept clean, and connected to 
the water system should be arranged. 

Independent electric lighting should be installed and 
ventilation arrangements provided for the shelter. 
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In the case of existing buildings for which the architect is 
responsible, careful survey should be m8(^de with a view to 
ascertaining the necessary size and the best location for the air 
raid shelter; the strength of the roof should be investigated 
and arrangements made for appropriate protective measures 
against the incendiary bomb to be installed. 

Owners of buildings unsuitable for adaptation should be 
notified with the minimum of delay in order that a nearby 
shelter may be constructed for the occupants. 

The demolition or repair of buildings damaged or partially 
demolished in an aerial bombardment will demand the exercise 
of the trained skill of the architect, and already the fore¬ 
shadowed provisions of the Civil Defence Act have thrown 
upon the architectural profession a rapidly increasing demand 
for his services in the design of shelter protection. 

The Professional Advisory Committee (Shelters) of the 
Home Office Air Raid Precautions Department has drawn up a 
panel of architects, engineers and surveyors, with the aid of the 
respective recognised professional institutions. The members 
of the panel will act as consultants when required in the 
execution of the Government's shelters policy. 

In addition, twelve Regional Professional Advisory Com¬ 
mittees have also been set up, and it is to be hoped that a more 
progressive and planned approach to the solution of the Civil 
Defence problem will result from this action. 

THE STRUCTURAL ENGINEER—PROBLEMS 

The investigation of the strength of existing buildings 
and the design of bomb-proof shelters is undoubtedly the 
responsibility of the structural engineer who, working in 
collaboration with the architect, can best advise upon the 
measures to be taken in safety in construction and the 
adaptation of buildings. 

In designing new work he should employ the accepted 
principles of anti-seismic construction and should apply the 
principles of design for shelters with bomb-proof structures as 
outlined generally herein. 

In strengthening works careful calculations regarding the 
elastic deflection of the existing structure will need to be made 
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so as to ascertain by how much the old work will have to be 
wedged or jacked up to ensure that the new work takes its fair 
proportion of the load before the existing structure is overstressed. 
Works of this nature are more difficult to design and execute 
than are new works, and must therefore be entrusted to 
competent engineers. 



CHAPTER XIV 


“ CAMOUFLAGE ” 

Introduction 

The Landscape in modern war contains a collection of foot¬ 
prints which lead or mislead, and as the Airman to-day is the 
eye of the enemy, intelligence is largely the result of the contest 
between the photographer and the camoufleur. 

In order to understand the principles of camouflage by 
means of which objects may be rendered inconspicuous it is 
necessary first to consider the optical laws upon which recogni¬ 
tion depends. 

An opaque object presents to our eyes the appearance of a 
patch of colour or of a number of colours against a background. 
Its shape is conveyed by the shape of the outline and the light 
and shade is an indication of the contour of its surface. The 
form of its shadow is also an indication of its shape and the 
brightness of its colouration a characteristic of its appearance. 

Visible form can only be distinguished when it exhibits 
differences of colour or tone and light and shade compared 
with the background against which it is observed. 

A reduction in the above-mentioned differences results in the 
object being less recognisable and the complete absence of 
these differences a complete lack of recognition through visual 
observation. 

In nature the struggle for existence and the problems of self- 
preservation with which all animals are faced has resulted in 
specialised methods of offence and defence. 

"For instance, we see evidence of this in the evolution of speed, 
on land, in the air, and under water, by pursuer and pursued; 
in the use of stealth and surprise, of deception and ambush; in 
the display of warning signals or of alluring baits; in the 
elaboration of smoke screens, traps, nets and parachutes; in 
retreat by burrowing underground or by the adoption of 
nocturnal habits; in the development of poison, and of deadly 
apparatus in the form of fangs or stings for its injection into the 
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bodies of enemies or prey, in protection afforded by plated or 
spiny armour; and in the use of chemical warfare which is 
practised, for instance, by certain insects, and of poison gas, 
by creatures like the skunk. 

Of all these various adaptations—^which, it will be noted, 
each have their parallel in the paraphernalia of modern warfare 
—perhaps none is so important, so widely distributed, or so 
perfect as that which renders animals inconspicuous, and often 
well-nigh invisible, in their natural surroundings.” 

A study of camouflage in nature has shown that the four 
fundamental principles involved are— 

(1) Shadow elimination by orientation or structural 
adaptations. 

(2) Counter-shading, by which high lights are darkened and 
shadows are lightened so as to reduce the light and shade 
which discloses the form and contours of the surface. 

(3) Colour resemblance both in colour and tone between the 
object and the background against which it is seen. 

(4) Disruptive colouration due to a superimposed pattern of 
brightly contrasting colours serving to distract attention and 
conceal the outline. 

Skiagraphy is the whole art of camouflage against aerial 
observation from the height at which anti-aircraft guns force 
enemy craft, as colour of itself hardly counts. Whatever 
colour is seen from this height is greyed by atmospheric effect 
and photographic tone value is of more importance than mere 
colour. 

" Form ” camouflage is exemplified in the " stick '' insect (see 
Fig. 244) and " Colour" camouflage by the '' leaf ” insect 
(Fig. 245). Adaptability to natural surroundings may be 
realised by a study of the chameleon. 

Counter-shading forms the basis for the colouration of 
innumerable creatures such as birds and reptiles (Fig. 246) and 
Disruptive Colouration by brilliantly contrasting colours with 
a disruptive pattern is to be seen in the giraffe, boa constrictors, 
etc. (Fig. 247). 

Disruptive and Coincident patterns as in the frog are used to 
contradict the underlying structural features, the former to 
separate optically a continuous structure and the latter to 
unite to the eye surfaces contiguous but structurally separate. 




insect, exemplifying " form " camouflage. 

{Courtesy Silicate Paint Co* Ltd.) 


Fig. 245.—The leaf " insect, showing nature's employment of colour 
in camouflage. 


{Courtesy Silicate Paint Co. Ltd.) 

[To face page 556 . 





Fig. 246,—Coincident colouration of .sitting woodcock. ('anunillag(‘ by 

imitation. 



Fig. 247.—^The adder’s outline obliteration camouflage b}' 
mimicry. 


{Couriesy Jemon Nichoknn IJti.) 
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Dazzle utilises violent contrasts of tone rather than differences 
in colour with a view to obtaining disruptive contrast and 
outhne obliteration as exemplified in young ringed plovers. 

Camouflage by dazzle must be executed boldly and with 
confidence as at close range objects so treated will appear 
glaringly conspicuous. 

Haphazard application of blotches of paint as on army 
vehicles is useless as the colours blend to an even tone when 
viewed from a distance. 

Texture is as important as colour in the production of tone 
values as textured light absorbent surfaces look darker at a 
distance than a flat tone of the same colour. 

Imperfect camouflage is very incriminating and the camou- 
fleur must constantly forestall detection by the expert reader of 
aerial photographs, who is practised in detecting the false from 
the real and the natural from the artificial in views from an 
altitude of 10,000 ft. or more. 

Aerial reconnaisance can only be satisfactorily met with 
concealment from above or confusion and deception where 
complete concealment is not possible. 

Cambuflage is a strategical matter depending upon the points 
of view of others and can be divided into classes roughly as 
below. 


Table CIII 

Camouflage (Day) 


Military 


Naval 


Strategic 

Far seeing 
camouflage 
of tlie ground 
as a prelude 
to vast 

concentrations 
of men and 
material. 


Aerial 

Camouflage 
of craft. 


Civil 


Concealment of 
manoeuvres by 
smoke screen 
'Tactical 


Concealment for 
the immediate 
needs, and constantly 
changed to minimise 
risk of detection, 
erection of dummy 
positions. 


Dazzle painting of 
ships in inverted 
perspective, changing 
apparent course. 


'' Invisible ” 
Construction 


Ground 

Pictures 

Camouflage of 
buildings 

Construction 
of dummies. 
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Table CIV 

Camouflap (night) 

Prevention of glare | False ilashcs 

Obscuration of light. Lighting of dummy 

positions. 


GENERAL PRINCIPLES 

Strategic Camouflage 

If aerial photographs of the area to be dealt with are first 
taken a model of the work can be prepared and the exact 
features of the covered site reproduced on the roofs and 
camouflage covers. 

Any false or dummy constructions should be made first and 
all activity on the real site concealed under road covers and 
hangars carefully coloured to represent the original undisturbed 
site. 

The Germans in the Great War covered miles of roads and 
acres of fields with rigid hangars coloured and modelled to 
represent the original scenery, carried out the work without 
detection and accommodated divisions of men and equipment 
under them. 

They also successfully concealed great military activity in 
orchards and fields covered with open squares of cellulose fibre 
material on wire. 

In their modelled scenery system they kept everything low 
and avoided shadow by sloping all edges down at an angle not 
exceeding 15 degrees to the horizonal (see Fig. 248). Covering 
of painted canvas is not so suitable as rigid roofs which offer 
more scope for artistic resourcefulness and if necessary the 
planting of quick growing crops. 

Tactical Camouflage 

Adaptable camouflage suitable for quick installation to 
satisfy the needs of the moment is most conveniently arranged 
in the form of a fishing net flat top cover. Stretched taut over 
any object to be concealed and threaded more and more thinly 
towards the edges with tufts of grass, rags, etc., the elimination 



“ CAMOUFLAGE ” 559 

of a hard and definite shadow is possible thus rendering the 
form of the object covered inconspicuous from the air. 

The hard opaque system lacks portability and convenience in 
installation and is consequently not so suitable for tactical 
military camouflage. 



Fig. 248.—Cut-away view showing extensive modelled scenery 
camouflage adopted by the Germans in the Great War. Roads 
and fields were covered with rigid hangars coloured to represent 
the undisturbed countryside.^®"^ 

Naval Camouflage—Smoke Screens 

The concealment of manoeuvres by smoke screen is an 
expedient which made the Zeebrugge raid possible and the 
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smoke barrage is now an accepted tactical ruse for both land 
and marine use. 

From time to time proposals have been made to the effect 
that the wide use of smoke candles in a city would render 
accurate bombing into it impossible. Smoke producing agents 
costing but a few shillings apiece fired simultaneously at about 
200 yards centres on an arc about the town and up-wind of it, 
would it is claimed, produce a thin smoke screen sufficient to 
prevent position finding by aircraft, but not sufficiently dense 
to hamper traffic or tactical movements on the ground. The 
official view is that such a scheme would be too unreliable and 
costly; and in any event the use of smoke would hamper anti¬ 
aircraft activities and render observation of bombers from the 
ground much more difficult if not impossible. 

Applications of Camouflage in Civil Defence 

The purpose of camouflage is to make the bombing of a 
specific target as difficult as possible. 

The, exact position of a target may have been learned from the 
study of maps, aerial photographs and other sources of intelli¬ 
gence, but in the end the bomber on a raid is dependent upon 
direct visual observation for accurate bombing. 

If then the camouflage renders the target unrecognisable at a 
distance of several miles, observation of it may come too late 
to be of use to the bomber unless he returns and exposes him¬ 
self again to the local active defence. 

Such natural guides as rivers and woods or railways, roads or 
canals in the vicinity of a large industrial establishment would 
be of less assistance to an air raider if the establishment itself be 
effectively camouflaged. 

The bomber’s View of the Target 

Consideration of the average weather conditions in this 
country (bright intervals with sky half covered with clouds) 
forces the. conclusion that as a bomber needs a continuous view 
of the target for accurate bombing he would be forced to descend 
below the clouds. Say between 5,000 and 7,000 ft. Again 
considering his speed of approach (possibly 200 miles per hour) 
and allowing for the appropriate trajectory and for " dead 
time ” in bomb sighting and aiming calculations, the bomb 
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aimer would first need to spot the target when some five miles 
away and when his angle of vision would be approximately 
13 degrees to the horizontal (see Fig. 249). 

The distance and low angles of observation have a dominat¬ 
ing influence upon camouflage designs and emphasise— 

(a) The necessity of adopting bold patterns in design. 

{b) The desirability of collaboration between eamoufleurs of 
adjoining premises. 



(c) The realisation of the facts that objects smaller than 6 ft. 

each way are not separately visible at five miles range ; 
and 

(d) At the lower angles of vision reflection from flat roofs is 

very marked. 

Let us then consider first the appearance of an uncamou¬ 
flaged target viewed along a line of sight at 13 degrees to the 
horizontal. 

Orientation of Target 

The orientation of the target, the direction of approach to it, 
and the time of the day all have a bearing upon its appearance 
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from the air and Figs. 250 and 251 show an industrial establish¬ 
ment situated in the latitude of the midlands, oriented so that 
its major axis is north and south and as seen in early morning 
and late afternoon respectively, the observer approaching from 
the south-east. 

The same establishment oriented east and west and 
approached from the south-east would have the appearance in 
the morning as shown in Fig. 252, and in the afternoon as 
shown in Fig. 253. 

Notice the change in the shadows from morning to afternoon 
and the subtle differences in tone between surfaces variously 
lighted. With the sun behind the observer there is less con¬ 
trast in the picture and recognition from a distance will not be 
so easy as when the object is cross-lighted such as in B. and D. 

When flying southwards " into the sun ” the observer will see 
flashes reflected from the roof glazing, and pronounced reflec¬ 
tions from the flat roofs if these factors are not properly dealt 
with in camouflage. 

Form 

In the disguise of buildings, especially those of large bulk, the 
form of the outline is usually indicated to an observer by the 
shape of the shadows. Apart therefore from the employment 
of tone and colour {infra) the elimination or the disguise of 
shadow is of paramount importance. 

Elimination of Shadow 

Properly to understand the difficulties of the elimination of 
shadow one must study the laws of light and shade and 
appreciate the subtle tone differences between a horizontal and 
an oblique plane. 

Fig. 254 shows a building with flat roof subjected to lighting 
from the top left-hand corner of the illustration and seen 
obliquely from above. 

The top with the light full upon it shows the lightest tone, the 
near side a tone darker and the third visible side, more in 
shadow, the darkest tone on the vertical sides. The marked 
shadow on the ground clearly confirms its shape and renders it 
very conspicuous from above. 

With canvas sides sloping gradually to the ground at an 



Fig. 250.—Factory oriented N. and S. and viewed from the S.E. under 
the morning sun. 



Fig. 251,—Factory oriented N. and S. and viewed from the S.E. under 
the afternoon sun. 


[To facspage 56 








Elimination^of shadow and application of modelled scenery camouflage to a building in rural surroundings. 
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angle of between 15 and 30 degrees to the horizontal no shadow 
will be cast and only by a careful study of the half tones will 
the actual shape of the erection be detected. 

By the use of colour of the right tone and texture the 
covering can be made to represent the surroundings and the 
slopes normally of a darker shade brightened up as necessary. 
The painting of the local features over the structure, with false 
shadows, completes the camouflage (see the lower illustration). 
Where buildings are so placed that two walls are never in 
shadow the shadow elimination methods can be restricted to 
the other two sides. Care, however, must be taken to break 
up the sharp shadow under the eaves or cornice. 

The method described is an expensive but very effective one 
which was used extensively by the Germans in the Great War. 

Important strategical roads were covered with opaque 
camouflage upon which the road was painted with side hedges, 
ditch and shadows complete. Papier-mach^ excrescences and 
canvas buildings were also erected where required to complete 
the effective “solid” camouflage of the countryside, under 
which considerable military activity was carried on unsus¬ 
pected and undetected by the aerial observer (see Fig. 248). 

An adaptation of the same method of camouflage for hut¬ 
ments or evacuation camps is depicted in Fig. 255. 

The top view. A, is a sectional view showing the conspicuous 
shadows which no amount of painting -will disguise. View B 
shows the complete elimination of shadow by the use of opaque 
painted camouflage cover arranged with perforations for 
drainage over roofs and at intervals between. 


Disguise of Shadow 

Alternative C shows camouflage by the disguise of the 
shadows by the use of camouflage netting of bright colour 
arranged to confuse vision through it. 

It is a well known phenomenon that a white net curtain hung 
inside a window will obscure clear vision through to the inside 
provided the curtain is. illuminated from the outside, i.e., so 
long as the strength of the light outside the window is greater 
than that inside. 

This is the condition which usually obtains in the day time. 
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but at night when the illumination inside is stronger a white 
net curtain is unable to obscure vision. 

We learn further that as the curtain becomes dirtier or is of a 



Fig. 255,—Camouflage of hutments. 

A. Uncamouflaged. 

B, Shadow elimination with opaque camouflaged covering. 

C, Shadow disguise by camouflage netting. 

D. Camouflage by— 

1. Shadow distortion by growing trees. 

2. Shadow disguise by netting. 

3. Imitative colouration. 

darker shade, showing less contrast with the general tone 
inside the room, the obscuration becomes less effective. 

Thus the curtain method of camouflage depends upon bold 
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contrast and is only effective in daytime or against artificial 
lighting from the sky, such as from parachute flares at night. 

Camouflage netting is often manufactured of hemp or cotton 
suitably dyed and rot-proofed. Wire- netting is also of use 
provided brightly-coloured strips of cloth are tied thereto, so as 
to present a brightly contrasting colour with that of the back¬ 
ground when viewed from the air. 

An advantage of camouflage netting is that it admits day¬ 
light and does not present drainage problems. 

Where it is a matter of difficulty to use paint, such as where 
large areas of glass have to be concealed without preventing the 
admission of light, during daytime.' Camouflage netting is an 
advantage. 

To cover glass, the mesh when measured on the diamond 
either way should be not more than f in., but the mesh can be 
larger when non-reflective surfaces have to be covered. 

The breaking strain of the net should of course be strong 
enough to withstand its being pulled taut and to resist the 
weather. 

The Cuprinol process of rot-proofing netting is widely used. 
This consists Of impregnating the fibres with organo-metallic 
salts, which are sufficiently toxic to prevent rotting. It may 
be used to colour the nets green or left clear when other colours 
are required. 

Shadow Distortion 

The distortion of shadows to shapes that are appropriate to 
he surroundings is another method of camouflage and D in 
Fig. 255 shows an application of this principle. In rural 
surroundings the precision and regularity of the layout of a 
hutment can be camouflaged by the planting of trees to break 
the outline of the buildings. 

In natural surroundings such trees should be arranged 
irregularly and netting and colour camouflage introduced 
where necessary. 

In or near plantations the trees must be planted more 
regularly to preserve the general character of the appearance 
of the district. 

A further example of shadow distortion is shown in Fig. 256, 
from which it will be seen that the rigid straight-lined shape of 
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the shadow of the uncamouflaged building is broken up into an 
irregular shadow simulating those of a group of trees. The 
work is of a semi-permanent nature, involving the use of 
irregularly shaped flats of boarding or similar material, fixed to 
the cornices and raised above the roof in order to throw 
shadows on the flat roof itself. 

Such additions to the building should be at least 6 ft. in 
least dimension on plan and would also need camouflage by 
colour. 

Shadow Elimination by Counter-shading 

The surface contours of an opaque body will be observed to 
show changes of light and shade by which the artist produces the 
appearance of relief on flat surfaces. 

The camoufleur on the other hand may by careful counter¬ 
shading contrive to make a surface in relief look flat, i.e., to 
give the real the appearance of the unreal. 

Fig. 257 shows a cylinder as viewed with lighting from the 
top left and in front of a background of middle tone and of 
mottled appearance. 

Notice at A the incidence of the light and shade on the 
curved surface and the gradations from the lightest part on the 
left to the darkest on the right. 

Counter-shading in obliterative paint sprayed on as at B 
should reverse the tones, i.e., paint of high light-reflecting 
characteristics should be used in the shadows and darker paint 
on the high lights. 

Viewed as at C, with lighting top left, the object is less 
conspicuous and looks flat. 

The mottled effect, as at D, introduced to match the back¬ 
ground completes the camouflage of the object which would 
only be detected by changed lighting conditions. 

Such changed conditions are indicated at E in Fig. 258, which 
shows the appearance of the camouflaged cylinder when lighted 
directly from the left. The revised counter-shading is shown 
at F, which also indicates the proper way of applying the dark 
colour on the lower portion of the cylinder. It will be seen that 
this is carried up above the termination of the darker portion 
of the background and is gradually shaded off to the lighter 
tone. Viewed under the new lighting conditions it would 



Fig. 256.—Camouflage by shadoiv distortion. Irregularly shaped additions to building casting shadows simulating 
those of trees in vicinity. Left, uncamouflaged. Right, camouflaged. 
















Camouflage by counterHhadiug. 




Fig, 258.—Camouflage by countershading. 





1 ^'iG. 259.—/Ujowr, Grasshopper inconspicuous on leaf (Uu‘ to harmony 
of tone and colour as seen in ordinary panchrornat ic ])hotograph. 
Below, Conspicuous on the leaf in an infra-red i)hotogra|)li. 

{Courtesy Dr. Hugh It, Cott, 7'he I\*oytil Engineers Institute and The Pholagraphic Journal) 
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present the appearance generally as shown on G, which is 
perhaps not so indistinguishable as case D, but which is never- 
less inconspicuous. 

The camouflage does however serve for the two positions of 
the lighting and also for a more vertical view as shown at H. 
Here, of course, the top of the cylinder viewed more normal to 
its surface shows a high degree of reflection of light and there¬ 
fore presents a lighter tone. The cylinder is, however, still quite 
inconspicuous and the camouflage is stiU quite effective. 

Colour 

The analysis of sunlight dispersion due to refraction when the 
light is passed through a prism produces the colours of the rain¬ 
bow called the spectrum. The order in which the colours 
appear is as follows : Red, orange, yellow, green, blue, indigo 
and violet; the red end is deviated less and the violet more 
than the yellow light which appears in its original position. 
The fundamental observations are due to the illustrious 
Newton who experimented with sunlight which passed through 
a small slit in the side of a darkened room. He showed that 
what was called white light is composed of the colours of the 
rainbow and that certain materials which have the property 
of absorbing certain parts of the spectral colours which fall 
upon it, reflect only the remainder and thus exhibit what is now 
regarded as their characteristic colour. Thus a surface which 
reflects the red part of the spectrum would exhibit a red colour, 
and such a surface may be caused to change colour when 
viewed in white light by the application of some other surface 
such as paint which has different light-reflecting characteristics. 
For example, a green paint absorbs all the spectral colours 
except the green, which is reflected, thus exhibiting this 
characteristic colour. 

Any coloured surface possesses three principal qualities— 
colour, tone and texture. 

Colour bears its usual meaning as described above but tone 
is judged by the amount of light reflected by the colour and is 
expressed as light or dark, depending upon the amount of light 
reflected. There is no simple standard of measurement for 
tone but the term is a comparative statement of the strength of 
the light reflected from the surface. Thus one speaks of a light 
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tone or a dark tone, intermediate values being classified purely 
by comparison. Tone variations are spoken of as differences 
in light and shade and have no bearing upon differences in 
colour. That is to say a light red may have the same tone 
value as a dark red although the latter will contain less of the 
yellow end of the spectrum and more of the blue in its make-up. 

The visibility of objects depends not upon any inherent 
virtue of their own apart from bodies which are self luminous, 
such as those which are phosphorescent or which are fluorescent, 
but upon the amount of light which they reflect. Objects 
therefore do not possess the property of making their own 
colours but the colour which is observed is due solely to the 
unabsorbed light which is scattered and reflected from the 
surface. The same object having definite reflecting character¬ 
istics and viewed under different qualities of incident light will 
appear to have a different colour. Thus a red object seen 
under blue light would absorb the whole of the light falling upon 
it and would appear to be black and it is solely on account of 
this phenomenon that photographs utilising the infra-red part 
of the spectrum have disclosed objects which were normally 
invisible. Fig. 259 illustrates this in a striking manner; the 
grasshopper is not visible on the leaf upon which it is resting 
owing to harmony in colour and tone when photographed with 
the ordinary panchromatic plate. In the infra-red photograph, 
however, the differentiation between the insect and its surround¬ 
ings is clearly brought out. This is due to the fact that the 
chlorophyll of leaves reflects light in the infra-red region of the 
spectrum and therefore appears white in the infra-red photo¬ 
graph. Small green animals which live upon the foliage 
differ greatly in their absorption of infra-red light and produce 
the phenomenon referred to. 

Texture is the quality of a surface—rough or smooth—^matt 
or glossy—^which determines the amount of incident light which 
is dissipated by diffusion; thus a matt surface which scatters 
light in all directions appears darker than a smooth surface of 
the same colour and tone. A glossy paint behaves according 
to the laws of specular reflection and in certain circumstances 
may have a reflecting coefficient as high as that of an ordinary 
minor. 

Ordinary flat paint reflects less light than a glossy paint but 
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is still much too reflective when viewed at low angles of vision. 
For this reason it is necessary to add solid articles to the paint 
in order to roughen the finished surface. 

^’'ariations of light intensity under which an object is 
observed have an effect upon its visibility since the contrast 
between the high hghts and the shadows is increased at high 
intensities of illumination. In the latitudes of southern 
England there is an increase of illumination at midday during 
June and July of something over 40 per cent, compared with 
midday light of the winter months. Apart from this, 
atmospheric haze has an influence upon the visibility of objects 
seen from the air and this affects both visual observation 
and photographic records. 

The effects of haze upon contrast are not the same visually 
and photographically and tests carried out in America have 
shown that large coloured canvases photographically non- 
selective in reflection gave the respective reflecting powers as 
shown in the table below. 


Table CV 


Canvas 

Reflecting Power 

Photographic 

• Visual 

White . 

56-0 

64-8 

Grey . 

17-5 

20*1 

Black . 

67 

7'5 


In camouflage for civil defence purposes it is fortunately 
not essential to defeat the camera since the primary object is 
to prevent the bomb aimers’ recognition of the target by visual 
observation. 

Panchromatic plates or films used in aerial photography are 
the most efficient in meeting aU the exacting requirements and 
afford crisp contrast and excellent definition. The pan¬ 
chromatic emulsion is sensitive to aU colours of the spectrum 
and in addition it possesses dominating sensitiveness to red. 
By the use of such a plate combined with an orange filter the 
aerial photographer can obtain a distinct photograph with good 
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contrasts under atmospheric conditions such as when the eye 
can see very little and features not normally noticed are clearly 
brought out in such photographs. 

The relative actinic values of various types of landscapes are 
shown in Fig. 260; fields, trees and smaller foliage are chiefly 
conspicuous ; they vary very slightly in colour tone and reflect 
but little light. The contrast between them is therefore not 
marked and they are distinguished only in relation to more 
reflective objects near them. 

Waterways give striking light values when reflecting the rays 
of light from the sun, moon or the stars, but in certain circum¬ 
stances as when viewed from the direction of illumination and 
not opposite to it they afford but little illumination. Pure 
water which transmits all the colours of the spectrum with 
equal facility is regarded as colourless but large volumes of 
such water from the photographic point of view may at times be 
distinctly coloured, and appear blue or green according to the 
relative positions of the sun and the observer. 

The light shade values of colours are by no means relative to 
that of natural or manufactured materials, thus a green paint 
which exactly matches the green leaves of trees if applied in a 
large flat surface will not simulate the appearance of trees which 
have a very high proportion of shadow in their general 
appearance. 

Visual appearance of landscape and a panchromatic photo¬ 
graph of it are sufficiently alike to justify the extensive use of 
photographs in- the preparation of camouflage schemes. 

The attention of the reader is directed to the difference in 
tone between the appearance of earth and short grass. 
Although the earth may normally be of a very dark colour it 
absorbs very little light and so produces a light photographic 
tone. 

Ground Pictures 

Ground pictures for the purpose of deceiving the observer 
can often be made by removing a patch of turf the shape and 
size of one side of a pent house roof which would show up 
nearly white, and allowing the grass to grow long in a patch 
the shape and size of the other side of the roof produces a 
shadow effect. Such expedients may well serve to confuse the 
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casual observer in the air, and where this is desirable such 
deceiving ground pictures can be maintained over a long 
period. 

In the latitudes of this country of course such imitation 
shadows should be placed to the north side of the denuded 
patch and they will then appear sufficiently logical for the 
greater part of the day. 

Approved shades of camouflage colours are shown in Fig. 
261, on which it will be seen that very bright colours are not 
normally recommended.* These latter are only to be used in 
special cases where disruptive colouration and dazzle is aimed 
at. In no circumstances should glossy surfaces or varnished 
treatment be employed. 

Patterns should also be extremely bold and in no cases less 
than 6 ft. in dimension. 

Roofs should always be painted darker than walls since roof 
surfaces take the sunlight more directly and reflection from 
them is very much greater. 

When matching colours it is well to remember that the 
colour on a small sample card will look lighter when applied to 
a large area. It is obvious of course that fast colours should 
be used and a rough surface which becomes shiny on being 
subjected to a shower of rain should be avoided. 

Paints 

Normally the function of an outdoor paint is to act as a 
preservative form of decoration to prevent deterioration by 
the weather and to provide an elastic and durable waterproof 
skin over the surface of the object painted. The paint consists 
of a pigment and a vehicle for binding the pigment to the 
surface and a thinner to enable the paint to be spread. Fillers 
and dryers are also added to give the paint a body and to assist 
in its hardening. 

The constituents of paint are carefully balanced to achieve 
the maximum durability and the durability and elasticity is 
usually afforded by the use of a full proportion of an oil medium 
or vehicle. Such paints produce a glossy finish and are not 
suitable for camouflage purposes. Matt surfaces are, however, 
produced by increasing the proportion of pigments or diluents 
and this results in a reduction in the durability and elasticity 

It is regretted that official permission to reproduce Plate 261 is not 
forthcoming in the National Emergency. 
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of the covering. In many cases camouflage paint is not 
required as a preservative, such as when used on asbestos, 
cement or brickwork or concrete or where preservative coats of 
paint already exist. 

In these cases the essential requirements of the camouflage 
materials are colour fastness and sufficient durability to avoid 
frequent renewal. Cheapness and large covering capacity are 
also desirable. 


Types of Paint and their Properties 

A. Oil Paints. In these paints the binding medium is an 
oil which may be used with or without the addition of varnish, 
gums or resins. Linseed oil is most generally used and for 
external work the boiled linseed oil is used to give the most 
durable paint surface. When new, oil paints produce a glossy 
surface, but this tends to disappear after exposure. 

As already pointed out initial mattness can be produced by 
increasing the pigments and fillers but only at the expense of 
elasticity and durability of the paint film. 

Gritty grades of oil paint are made by the incorporation of 
gritty particles in the body of the paint during manufacture ; 
the surface thus produced has an excellent texture and is truly 
matt. If the particles are sufficiently small (pass 20 mesh) the 
paint can be sprayed in a special gun. The covering capacities 
are approximately as below. 

Gritty grades. 10-15 sq. yds. per gallon on absorbent 
surfaces. 

15-18 sq. yds. per gallon on non-absorbent 
surfaces (like glass). 

Non-gritty matt grades. 35-40 sq. yds. per gallon on 
absorbent surfaces. 

55-60 sq. yds. per gallon on non-absorbent 
surfaces. 

B. Oil-bound Distemper. These are water paints in which 
the binder consists of an emulsified drying oil and/or varnish. 
They are usually supplied in paste form ready for thinning 
with water. They can be applied by brush or sprayed and are 
suitable for application on glass, new or old concrete, new or 
old brickwork, tiles, asbestos roofing, etc. They are com- 
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paratively cheap and are suitable for many camouflage pur¬ 
poses. Covering capacities per’ coat are approximately as 
below. 

Gritty grades. 60-80 sq. yds. per cwt. on absorbent 
surfaces. 

150-175 sq. yds. per cwt. on non-absorbent surfaces. 

Non-gritty grades. 150-175 sq. yds. per cwt. on absorbent 
surfaces. 

330-400 sq. yds. per cwt. on non-absorbent surfaces. 

C. Bituminous faint in which the binder is bitumen in 
solution or in emulsion. 

These are very durable paints and the colours are dull and 
cover most of the range required in camouflage. Their 
characteristics are similar to those of oil-bound water paints, 
the covering capacity is about the same. They are specially 
suitable for use on new concrete and asbestos cement, on 
which the alkalinity is usually destructive of the ordinary oil 
paint. 

D. Silicate faints, in which the binder is sodium or potassium 
silicate. 

These are best suited for use on porous surfaces and offer 
good resistance to the weather. Their covering capacity is 
intermediate between that of oil paint and distempers and they 
can be applied by brush or spray. 

E. Cement faints, in which the binder is portland cement. 

These are best suited for use on porous surfaces and con¬ 
siderable care is required in the selection of the pigment, as 
these paints are apt to show patches due to efflorescence after 
exposure to the weather. In all cases a paint which maintains 
its non-reflecting characteristics even after a shower of rain 
should be used in preference to those which shine in such 
circumstances. The covering capacities for cement paints are 
approximately as below. 

100-120 sq. yds. per cwt. on moderately absorbent 
surfaces. 

F. A number of frofrietary faints producing a coloured 
rough stone-like surface and in which are used special binders 
like rubber latex eure available. These are very durable and 
are particularly suited to use in camouflage work; they 
normally do not shine when wetted. 
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The Painting of Various Materials 

Wood, corrugated iron, steel or similar non-absorbent smooth 
surfaces. All the above mentioned paints would be suitable, 
but oil or bituminous paints are most durable as they maintain 
their elastic properties and do not tend to flake off. 

Asbestos Cement and New Concrete. These surfaces slowly 
produce free lime and their alkalinity is destructive to oil- 
bound paint, unless a petrifying solution is Jirst applied or 
bituminous or special alkali-resisting paint is used. 

The difficulty in painting cement or concrete walls and other 
surfaces is due to the fact that portland cement, during the 
action of setting, undergoes a change which results in the 
liberation of calcium hydrate, the solution of which salt has a 
very destructive action upon colouring matters of an organic 
nature and even upon many of the mineral pigments used in the 
manufacture of paints. 

The liberated calcium hydrate also saponifies the linseed or 
other vegetable oil employed as a vehicle for the pigment, 
gradually converting the oil into soap and thereby rendering it 
soft and easily removed from the surface of the cement wall by 
abrasion or weathering. When the surface has become 
thoroughly indurated the calcium hydrate lias becom(5 car¬ 
bonated to a considerable extent and in this condition it is 
inert and has no deleterious effects upon paint applied to the 
surface. 

A number of methods for dealing with this defect have been 
tried but a wash of zinc sulphate gives satisfactory results. 

Forty-eight hours after the rendering has been complete or 
the concrete has set, the surface should be washed over with a 
50 per cent, solution of zinc sulphate and water, allowing forty- 
eight hours or more for this to dry; the paint should then be 
applied in the ordinary way. 

The combination of the zinc sulphate with the calcium 
hydrate forms zinc hydroxide and calcium sulphate which fills 
the surface pores of tlxe concrete and neither of which have any 
deleterious effects upon colours commonly used in paints. 

Slates, Bricks and Stone Walls. All the types of paint above- 
mentioned are suitable, but it is desirable to use an alkali- 
resisting priming when oil paint is used on concrete or where it 
is likely to be effected by lime mortar in masonry joints. 
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Asphalte. A bituminous paint is best for use on asphalte 
surfaces as the “ bleeding ” from an underlying bituminous 
coat usually spoils any other surfaces. 

Concrete Roads and Railed Areas. Paints applied to these 
surfaces are subjected to severe weathering conditions as well 
as wear and tear and the durability is dependent upon the 
binder employed. Bituminous emulsions fulfil the conditions 
most nearly although all other types of paint can be used. 
Experiments are being carried out on the painting of concrete 
roads and the use of stains of various kinds. Sprayed paints 
of a cellulose base are far too expensive, whereas the water- 
bound paints only last a few weeks. A stain which permeates 
the surface is likely to be the most satisfactory. 


Glass 

All roof glass requires treatment to prevent the shine which 
can be seen from great distances. Even north lights require 
treatment as the early morning or the evening sun is usually 
reflected from them. Roof glass can be stippled with the same 
paint which is used for the roof covering or, alternatively, the 
windows can be covered with a, clear varnish and then sprayed 
lightly with granite or similar dust which will pass a 20 mesh 
sieve. Natural sand is not recommended as the individual 
particles themselves shine. If it is desired to continue the roof 
pattern over the windows, appropriately coloured particles 
should be used, and it wUl be found that adequate protection 
from shine can be' obtained without cutting off more than 
50 per cent, of light. 

It will be appreciated however that this subject must be 
dealt with in conjunction with the question of the obscuration 
of artificial light, and when it is realised that nearby bursts of 
bombs will most certainly break most roof glazing in factories 
the treatment of the glass itself can only be regarded as a 
temporary measure. 

Other methods of light obscuration exterior to the building in 
which camouflage schemes can be embodied should, therefore, 
be considered when dealing with a permanent solution to this 
question. 
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Roofs 

All roofs should be painted with dark colours since the 
reflection from roof surfaces is greater than from vortical 
surfaces, when viewed from the air. Ordinary matt paints are 
not sufficiently dull to prevent serious reflection and gritty 
particles must therefore be added. An aternative method is 
to spray the roof with a coat of varnish, upon which coloured 
particles are spread. The texture is excellent and the dura¬ 
bility good if high quality varnish or coloured emulsion is used. 
Local grit, such as brick dust, ground slag, etc., can be scattered 
over a roof surface previously treated with a bituminous 
binder, provided the particles are not larger than ^ in. in order 
to secure good adhesion. 

Ordinary sanded bituminous flats will often require spray 
painting to produce the desired camouflage effect. ■ 

Flying Fields 

In the camouflage of flying fields the grass is usually cut 
short, then sprayed with a weak solution of a weed killer and 
sprayed over with a paint which produces in plan view the 
original ditches and hedges which crossed the field. This, of 
course, requires replacement periodically owing to the growth 
of the grass. 

Galvanised Corrugated Iron 

New galvanised corrugated iron, which is now being used on 
a large scale for factory extensions and roofing generally, reacts 
chemically with paint and it is necessary to render the surface 
inert in order to prevent the paint peeling off. Special under¬ 
coatings are now obtainable and these should be applied prior 
to the application of the protecting medium. 

Disruptive Colouration 

We have seen that the judicious use of counter-shading may 
do much to render an object inconspicuous when seen from the 
air, but it will readily be appreciated that it is very difficult 
completely to satisfy all requirements under changing condi¬ 
tions, such as different angles of vision, different degrees of 
lighting and different orientation of the object to be 
camouflaged. 



“ CAMOUFLAGE ” 


577 


Counter-shading may enable surface contours to be camou¬ 
flaged, giving the object a flat aspect but the variation in light 
which falls upon the whole aerial view at times would cause such 
an object to stand out more or less conspicuously against 
lighter or darker or differently coloured surroundings. By the 
application of optical principles involving the use of patterns, 
effective concealment may be obtained by the obliteration of 
the bounding contours or tell-tale form. 

If an object is covered with irregular patterns of contrasting 
colours and tones they catch the eye of the observer whose 
attention is distracted from the underlying form of the object 
so covered. If it is not possible for the pattern applied com¬ 
pletely to blend with the picture of the neighbourhood the 
patterns should be made conspicuous enough to contradict the 
form upon which they are superimposed. The functions of the 
disruptive patterns are to prevent or delay as long as possible 
the first recognition of the object and the patterns should 
therefore be of boldly contrasting colours and may even be 
glaringly conspicuous. It is important to ensure that those 
parts of the pattern which are conspicuous should be shaped 
so that their real identity could only be determined with 
difficulty. 

The effect of a disruptive pattern is greatly strengthened if 
some of the colours of which it is composed, closely resemble 
the background, whilst others differ strongly from it. 

Fig. 262, which is taken by permission from the Royal 
Engineer’s Journal, illustrates the principle and shows a series 
of simple forms—^fish, an egg and a moth—shown firstly as 
self-coloured objects of a more or less uniform tone and which 
are easily recognisable, and in other cases covered with 
disruptive patterns viewed against different kinds of back¬ 
ground. 

In the second series of illustrations it will be seen that the 
colours used in the disruptive pattern all contrast with the 
background and the obliteration of the outline is incomplete. 
In the last two examples, however, where one of the colours 
used in the disruptive pattern matches the background the 
complete outline of the objects camouflaged is lost. 

In applying the principles of disruptive colouration in the 
camouflage of objects presenting a definite characteristic 
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outline, it must therefore be the endeavour to make some of 
the colours used in the disruptive pattern merge with the 
background, especially where the pattern joins the outline of 
the object. 

The use of strongly contrasted tones in the make-up of a 
disruptive pattern greatly increases the illusionary appearance, 
as will be seen from the illustrations in Fig. 263. The first 
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Fig. 262,—Fish, egg and moth with disruptive colouration viewed 
against different backgrounds, 

iCmifkiy M, JmrmL) 


illustration shows the disc coloured with a uniform tone and 
the form is therefore clearly distinguishable against the white 
background of the paper. The second illustration shows a 
disruptive pattern applied to the disc confusing somewhat the 
general appearance of the outline. 

In the third illustration the edge contrast on the disruptive 
patterning is increased by the introduction of a white strip 
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dividing' tli6 d3-rk6r irregular shape from the grey background 
of the disc. It will be seen that the increase in contrast in 
adjacent colours in the disruptive pattern increases the 
illusionary appearance. The same may be said of the fourth 
illustration by which a similar effect is obtained through the 
darkening of the edge of the disruptive pattern itself. 

The fifth illustration shows a combination of the two methods, 
and the last the introduction of differential blendings and tones 
away from the sharp edges of the disguising pattern. The use 
of disruptive patterning such as this is invaluable for the 
camouflage of large objects such as ships, tanks, gasholders, 



Fig. 264.—Dazzle painting. A. Pattern coinciding, with outline 
emphasises the latter. B. Pattern interrupted at contour 
confuses outline. 


buildings, etc., but this form of camouflage must be applied 
with vigour and in bold outline with strongly contrasting tones 
adjacent to each other. 

Disruptive colouration may be used for— 

(«) Disguise of surface by the optical destruction of what is 
present as already described. 

(b) Disguise of surface by the use of coincident patterning by 
which structurally disunited parts are optically joined, as in 
the case of many frogs who carry glaringly conspicuous pattern¬ 
ing on the body, carried right across the legs, uniting the 
pattern into one whole outline when the animal is in the normal 
posture of rest. 

Such united patterns to be effective in concealment must 
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present an appearance conapletely different from the form 
camouflaged but not incongruous in the surroundings. 

(c) Outline oUitemtion by means of interrupted patterning 
at or near the margin. An illustration of the method is given 
in Fig. 264, which shows a white disc painted with disruptive 
colouration or dazzle camouflage. 

In the left-hand figure it will be seen that the pattern coin- 



Fig. 265. —Dazzle painting. 

A. White disc with disruptive patterning. 

B. Disc with dazzle painting matching background. 


cides with and therefore emphasises the outline of the disc, but 
in the right-hand figure the marginal pattern is interrupted at 
the outline which gives an optical illusion and obliterates the 
true outline. 

The differences between the two treatments can be observed 
better at a distance. 

The scale of the pattern requires special consideration as it 
must be sufficiently large to be clearly discernible from the 
distances at which the camouflage is required to be effective. 
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The departure from repetition and geometrical symmetry in 
the design, as shown on the left-hand side of Fig. 265, improves 
the concealment of the shape of the object and in the case of 
stationary objects like tanks and buildings, the merging of the 
pattern into that of the surroundings greatly increases the 
deception (see right-hand side of Fig, 265). Such realistic 
scenic treatment is invaluable in camouflage of fixed objects, 
as not only is the form of the object broken up optically into a 
number of patches of contrasting tones but the shapes and 
tones of the patterns, harmonising with those of the surround¬ 
ings, render the camouflaged object unrecognisable. 

Imitation 

An aerial observer in a plane some 10,000 ft. high obtains a 
convenient view of any particular spot on the landscape for a 
longer period than is possible when travelling at a lower 
altitude, when the speed of the aircraft has a greater influence 
upon the view. 

At worst he may obtain but a fleeting glance and at best he 
sees only the general pattern of the landscape. 

It is not necessary therefore to make an exact copy of the 
surroundings in detail but to ensure that the general picture of 
the character of the neighbourhood is maintained. Fig. 266 
shows at the top the appearance of a factory from the air and 
illustrates the difference between the reflecting characteristics 
of matt and glossy paint of the same colour and tone. 

The right-hand top view shows the " deep furrows '* appear¬ 
ance of the uncamouflaged north light roof, showing deep, 
clearly defined shadows on the north side. When such build¬ 
ings are not exactly oriented the morning or evening sun and 
strong moonlight produce an occasional tell-tale glint from 
north light glazing. 

The best method of dealing with both of these defects is to 
use dazzlingly contrasting camouflage netting festooned from 
ridge to ridge as shown in the fourth view in the figure. 

The third view shows the factory painted to imitate urban 
surroundings with the road “ carried through ” the premises by 
appropriate painting on the roof. 

The last two illustrations show camouflage by imitation of 
rural surroundings. 
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In order to prevent the unnatural appearance caused by the 
breaks in the roofs when the “ road ” passing across the roof is 
viewed from different angles the sides of a road or stream thus 
painted must be edged with painted trees or large hedges, the 
irregularities in which can be arranged to cover the breaks 
referred to. 

Practice 

In preparing a camouflage scheme it is essential to form a 
picture of the neighbourhood, into which the scheme is to be 
fitted. This can be done by 

(а) Flying over the site. 

(б) Taking aerial photographs of it, preferably from the four 

cardinal points of the compass, when the shadows are 
long-morning and/or evening. The photographs 
should be obliques. 

(c) Making a model of the establishment and the immediate 

surroundings—a convenient scale is 1-200, and a suit¬ 
able type of model is shown in Fig. 299. 

(d) Studying the map of the locality. 

It is convenient to mount the model on a turntable which 
can be tilted, thus enabling any desired lighting and angle of 
view to be obtained. 

In this way camouflage schemes can be tried out in colour on 
the model and much experimental work and waste of time and 
material on the work itself can be avoided. 

Urban Areas 

The general impression of an urban area as seen from the air 
is usually a chequered pattern of houses, gardens in more or less 
regular areas, roads and a few open spaces. 

■ The colours presented by the view will be dazzling white from 
skylights, greenhouses or water (in some angles of view). 

Grey from roads darkened at places by traffic and pedestrians, 
slate roofs in two principal shades, and some gardens. 

Brick red from some walls and roofs. 

Yellow from some brick walls and gardens. 

Brown in various shades from earth. 

Brown green from grass and gardens. 

All shadoxvs being in dark colours or hlach. 




Fig. 266. 

A. Showing difference between matt and glossy surfaces. 

B. Imitation of urban surroundings. 

C. Camouflage to match rural location. 

D. The marked appearance of N. light roofs. 

E. The same camouflaged with dazzle nets. 

F. Nets and painting to imitate rural surroundings. 


{To face page 582. 







Fig. 267.—Camouflage of factory sho\«i in Fig. 251 to simulate rural surroundings. 
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The general tone of an urban area seen from the air will be 
somewhat dark. 

In effecting the camouflage it will be necessary to— 

(1) Darken all light surfaces to confonn to the prevailing 

tone of the neighbourhood. 

(2) Treat all roof lights to prevent shine. 

(3) Darken all light concrete roads not required to be 

conspicuous in the final picture. 

(4) Obliterate unwanted shadow by one or other of the 

methods described in this chapter. 

(5) Destroy the succession of symmetrical shadows or 

expansive roof surfaces by imitative or disruptive 

patterning. 

(6) Employ counter-shading when required to flatten out 

relief or to lighten up hard shadows. 

(7) Employ natural breaks, such as growing trees, or creeping 

plants wherever possible in preference to paint. 

Rural Areas 

The oblique aerial view of a rural area usually presents a 
broad expanse of fields showing a patchwork appearance of 
varying tones.( see Fig. 267), hedges with deep shadows, trees 
and woods, winding roads, streams, scattered houses and 
perhaps a village. 

The marks of the plough are clearly seen, and the difference 
in tone due to condition of crops or surface of fields is more 
marked than light and shade due to topographic contours. 

The methods of approach to the problem of camouflaging an 
establishment in the country are similar to those set out on 
p. 582, but in rural areas it is more than ever necessary to avoid 
uniformity in the treatment of the camouflage. 

The judicious planting of trees and shrubs is particularly 
useful in the disguise of a large industrial establishment in a 
semi-rural area and has the advantage of naturalness and 
permanence. 

Camouflage in the Future 

There is no doubt that the necessity for concealment from 
the air dictated by the established principles of defence will 
influence the choice of materials in the design and construction 
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of large and important industrial establishments in the future. 

Roof lights which reflect light from the sun and moon and 
which are particularly vulnerable to damage by blast, splinters 
and shell fragments are likely to be superseded by solid glass 
buHs-eyes or prisms, which are embedded in flat reinforced 
concrete roofs. 

Where continuous patent glazing is desired this may with 
advantage be of the form shown in Fig. 268. 



Fig. 268.—Improved North light complying with Civil Defence 
principles. 

The fact that the glass leans outwards at the top has the 
following advantages:— 

(1) It is not possible to see a glittering reflection from it in 

the air. 

(2) Its camouflage is therefore easier. 

(3) Fractured glass would be caught safely on the exterior 

of the roof. 

(4) Blacking out by means of interior opaque roller blinds is 

facilitated. 

Roofs. For economy, permanence, protection against the 
incendiary bomb and ease of camouflage the roof of the future 
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might well be as shown on Fig. 269. The concrete roof 
carrying 3 ft. of earth makes possible the growing of crops on 
the roof, thus recovering to agriculture some of the lost acreage, 
providing automatic camouflage, protection against the 
incendiary bomb and increased thermal insulation. 

The sloping sides eliminate shadow and provide storage 




space or cover to the store-shelters, giving class 6 protection 
exterior to the building. 

For blacking out and for camouflage of the Lenscrete roof 
lights the use of folding flaps as indicated would be found 
advantageous. 

Walls. In buildings of tactical importance exterior walls 
as such should not be free-standing but should be replaced by 
the shadowless roof slope indicated on the figure. 
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BuUding Materials 

There is no reason why manufactured building materials, 
like asbestos cement, protected metallic sheeting, roofing felts, 
tiles, bricks, etc., should not be made of colours which 
harmonise with the surroundings, thus minimising camouflage 
treatment. 

The use of large areas of asbestos cement of grey colour on 
roofs should be discontinued, as this is very conspicuous and is 
difficult to camouflage. 

There is no doubt that effective concealment will play an 
increasingly important part in future wars, and the need for 
camouflage in Civil Defence cannot be over-estimated. 


OBSCURATION OF LIGHT 

War-time lighting restrictions are laid down in the Civil 
Defence Act, 1939. The operative clauses are Nos. 43 and 46, 
Part VI of the Act, and these are reproduced herewith for the 
convenience of the reader. 

“ It shall be the duty of the occupier of any factory premises, 
of the owner of any mine and of the persons carrying on any 
public utility undertaking to take forthwith any necessary 
measures to secure that in the event of war, throughout any 
period of darkness— 

(a) no light is allowed to appear from within any building 

on the premises, or used for the purposes of the mine or 
undertaking; and 

(b) no lights not within a building remain alight, unless they 

are essential for the conduct of work of national 
importance, are adequately shaded, are reduced in 
power and, save where the Minister otherwise directs, 
are capable of instant extinction at any time ; 

Provided that this sub-section shall not apply to any 
light exhibited solely in the interests of navigation. 
There may be paid out of moneys provided by 
Parliament, towards the approved expenses of any 
person on whom a notice has been served under the 
two last preceding sections in taking the measures 
specified in the notice, grants not exceeding one half of 
those expenses.” 
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Clause 47 prescribes a fine of one hundred pounds for failure 
to comply with the requirements of the Act in this connection 
and a fine of fifty pounds for each day on which the offence 
continues. 

There is no doubt that the need for stringent economy in all 
things in a war emergency will automatically ensure the 
reduction in expenditure of gas and electricity on artificial 
lighting—indeed, these supplies may quite likely be rationed. 
Thus the intensity of lighting normal in peace time is likely to 
be much reduced in times of war. 

Apart from this general reduction in illumination it will be 
necessary to screen lights so as to confine reflections on to the 
locality illuminated, thus reducing the upwards dissipation to 
a minimum. To avoid direct observation from the air a lamp 
can be shielded either by means of a shade or by a painted 
glass, obscured so as to prevent escape of light above a plane 
inclined downwards 10° from the horizontal. 

To reduce the reflection of light from the illuminated surface 
the power of the lamp should be reduced to the minimum 
necessary for safety and the illuminated surfaces should be 
made as non-reflective as possible. 

Where necessary a separate system of blue pilot lights 
should be installed to enable key men to tend vital plant in a 
blackout and to enable personnel to reach their shelters in 
safety when the ordinary lighting is extinguished. The use of 
dimmer switches on the lighting system will be found of use 
in turning off all external or exposed lighting on receipt of a 
warning and signs painted in luminous paint a useful expedient. 

A large industrial concern have carried out successful tests 
on the use of low intensity illumination with blue light for night 
workers and have found that the operatives soon get accus¬ 
tomed to the darkness and can move about freely. Lighted in 
this way the large north light factory was not clearly discernible 
from the air. 

Various types of low wattage sprayed lamps are available. 

The problem of obscuration is closely related to the problem 
of the efiect of blast and splinters on glass and many indus¬ 
trialists are dealing with both together. The effects of blast 
from high explosive bombs cannot adequately be imagined, but 
it would be safe to assume that att windows and roof glass in 
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works or factory premises would soon be blown out under an 
aerial bombardment. Falling glass is, therefore, a danger 
which must be dealt with, if work anywhere in a factory is to 
continue during a raid. Windows in key positions can be 
maintained much longer if glazed with Super “Armourbex.” 

Super “Armourbex” glass substitute is clear ‘‘Bexoid,” 
8o thousandths inch thick, reinforced with half an inch wire 

mesh welded at every 
cro.ssing. It is a non-flam, 
cellulose acetate thermo¬ 
plastic material and costs 
31S. 6 d. per sheet, 61 x 27 in. 

“Armourbex" is 
" Bexoid " 22 thousandths 
inch reinforced with wire 
gauze, and costs los. per 
sheet, 55 X 24 in. 

“Bexoid” 3 thousandths 
inch can be stuck on glass 
with special solution. The 
cost is 6s. lb. or is. $d. 
per sheet, 35 x 24 in. 
(3 oz.). These materials 
are obtainable from the 
British Xylonite Co. Ltd. 

It is advisable that 
broken roof glazing should 
not be replaced during 
continuance of hostilities 
but sheets of flat asbestos 
cement or ” Durasteel ” substituted. In places where falling 
glass would be specially dangerous or injurious it would be 
desirable to instal ” Durasteel ” sheeting under the glass, 
thus at the same time adding to the resistance against 
incendiary bombs. 

Where, however, a high degree of splinter protection is 
required in a window, such as in offices or control rooms 
occupied during a raid, the installation of'' Armourflex " steel 
shutters as described on pp. 214-218 is recommended. 

The provision of blast and splinter protection in window 



Fig, 271, —Showing metal wool 
mattress hung outside window. 




Fig. 270.—Metal wool safety curtain covering window. 


[To face page 58S. 
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openings by the use of any form of solid shutter is normally 
found prohibitive in cost, but the use of mattresses of metal 
wool 4 in. thick hung over the window opening generally, as 
shown on Figs. 270 and 271, affords a high degree of splinter 
protection. 

The " Metwul ” safety curtains consist of Grade ASr steel 
wool woven to form resilience and resistance mattresses con¬ 
tained in a galvanised woven steel mesh envelope of equal 
flexibility. Safety curtains should be all appreciably larger 
than the door, window or machinery to be protected and should 
preferably be arranged to permit of flexure in a direction away 
from the source of explosion or blast. 

The undermentioned prices include the suspension channel 
section with hooks but not the brackets for suspending this on 
the wall. In designing these brackets it is necessary to 
calculate on an approximate weight of 2 lbs. per sq. ft. area 
of the “ Metwul ” safety curtain and treble this figure for the 
design of the brackets to allow for the resultant drag when the 
curtain arrests a splinter or is subject to blast. The prices are 
in steel, 3s. 6 d. per sq. ft., 4 in. thick; alternatively, with 
galvanised chicken wire envelope replacing woven steel mesh 
envelopes, 3s. per sq. ft., 4 in. thick; in brass, 6s. per sq; ft., 

4 in. thick, or 5s. bd. with galvanised chicken wire envelope. 
The above prices apply to mattresses of 20 sq. ft. and over and 
smaller areas are quoted by special arrangement. 

It will readily be appreciated that the provision of splinter 
protection to windows will usually be prohibitive in cost and 
some kind of glass catching and blacking-out screen may have 
to be adopted. 

The use of mono-chromatic light (say, orange) and a comple¬ 
mentary colour embodied in the glass in the windows (say, 
blue) has been effectively, tried out on the Continent. The 
lamps used are the normal gas-filled metallic filament type 
except that the bulb is made of an orange glass. It is stated 
that to test the physiological effect of this light on workers a 
large factory in France has been fitted with the lamps for over 
six months and the results have been entirely satisfactory. 
The blue varnish can be applied by brush or spray to the 
outside or inside of the glass and during daytime ample light is 
transmitted through the windows for normal working purposes. 
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It is also claimed that as a result of exhaustive tests carried 
out in this country the use of the complementary colour method 
of obscuration is permitted by the A.R.P. Department of the 
Home Office. Lamps and varnish can be stocked in peace time 
and the system installed very rapidly in time of war. 

On the basis of 100,000 sq. ft. of glass and purchasing the 
obscuring paint at i6s. 6i. per gallon with a coverage of 
360 sq. ft., two coats, the total cost of painting works out at 
£200. Assuming that there is an equivalent of 450 lamps of 
300 watts each, the cost of the special lamps would be of the 
order of ^^337 or about 12s. per sq. of 100 sq. ft. of glass. 

It is obvious, of course, that were such windows broken the 
whole factory would have to be blacked out and work would 
cease. 

Many companies have found that with half the window and 
roof glazing permanently obscured they are quite well able to 
carry on in the daytime, and if this can be done the problem 
is considerably reduced in magnitude. 

In the obscuration of light, the main factors which require 
consideration are:— 

(1) Opacity. 

(2) Waterproof qualities—^in case the glass should break. 

(3) Protection from flying glass. 

(4) Non-inflammability of obscuring materials—desirable 

but not essential. 

(5) Moth-proof qualities—especially in the case of food 

factories. 

(6) Internal or external application. 

(7) The desirability of admitting light during the day when¬ 

ever this is practicable. 

(8) Gas proofing—^less emphasis is now being placed on this 

aspect. 

Paint 

The simplest way of blacking out is to spray on paint internally 
or externally, and in a factory of moderate size this may take 
from two to three days. 

A paint selected for this purpose should be waterproof and 
sufficiently opaque in one coat only. As the cost of removing 
ordinary paint may be three or more times the cost of applying 
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it, the paint used should also be one that can be removed by a 
convenient and inexpensive process when required. The 
external application of the paint is usually the cheapest and best, 
as it thus prevents glare from the glass and assists in the 
camouflage. 

A suitable paint can be made up as below: 

1 cwt. black ground-in oil, 

J cwt. paste dryers, 

2 galls, of turpentine, 

J gall, of boiled linseed oil, and 
I pint of terebene, giving 
10 galls, of black-out paint. 

A suitable stripper would consist of— 

5 galls, of benzene, 

3 1 galls, of acetone, 

15 lb. of paraffin wax, giving ! 

10 galls, of paint remover. 

The glass can be painted with black-out black paint and the 
following are the prices : i cwt. kegs, 45s. per cwt., keg free; 
i cwt. kegs, 46s. per cwt., kegs free; J cwt. kegs, 47s. per cwt., 
kegs free ; covering capacity 400-500 sq. yd. per cwt., applied 
by spray or with brush as desired. 

As already pointed out the use of paint on existing glass may 
prove a very expensive expedient since damage to the glass 
which is bound to result in a bombardment, will mean the 
whole of the light in the factory would have to be extinguished 
until the glass had been repaired. In any event, to prevent 
danger from flying splinters it would be desirable to instal 
close mesh galvanised wire netting on frames ; the cost of this 
would be of the order of yd. per sq. ft. 

“ Synthaprufe ” is a mixture of bitumen and rubber, produced 
by Gowan’s Paints, Smallbrook Street, Birmingham, at a cost of 
5s. gd. per gall. 

Like “Latex," it -will easily peel off the glass and works out at 
approximately is. per sq. yd. 

A special flat paint, proposed by the Offlce of Works for 
internal use on glass to give obscuration with one coat only, is 
made to the following formula :— 

Pigment: 57 per cent, (by weight), consisting of carbon 
black and a filler like barytes, asbestine or whiting. 
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Medium : 43 per cent, (by weight), consisting of gum and 
oil, 40 per cent., and volatile thinners, 60 per cent. 

The gum and oil vehicle consists of fossil resin, tung oil and 
linseed oil. 

It is usually desirable to obscure light by sluittcrs of material 
such as ply board, Essex board, etc., or wood covered with a 
waterproof material, which would obscure light, hold ghuss and 
prevent it from .flying into the room in the case of blast and 
which would also be weatherproof in the case of fracture of the 
window. 

Shutters which can be taken down during the day and which 
can be made gas-proof and applied inside the window are an 
advantage, and a portable arrangement used by the Office of 
Works on Government buildings involves the use of rubberised 
cotton fabric stretched on a light frame and fixed on tlie inside 
of the window with ball catches, so that under the action of 
blast pressure the whole shutter is blown inwards and left 
hanging on special suspension pieces of india-rubber. 

This is a safety factor and is a system winch has been sub¬ 
jected to actual test. The fact that the shutters are light and 
easily fixed enables them to be handled easily by youths or girls 
employed in the factory (see Fig. 76). 

Messrs. Textuff Limited, of Lancaster, are producing textiles 
such as cotton and hessian impregnated with a cellulose 
solution. It is claimed to be grease, water and germproof, 
non-cracking, not damaged by mustard gas or damaged by 
subsequent boiling for decontamination. Material suitable for 
the strengthening of window glass costs per yd. It 

can be obtained in any colour, including greens and black, and 
can be stuck to the glass with normal adhesives or stretched on 
the frames previously described. The prices for the black-out 
material are is. i^d. per yd., 36 in. wide, or is. 8 d. per yd., 
48 in. wide. Details of the portable shutters referred to are 
shown in Fig. 76, the estimated cost being is. 2d. per sq. ft. 
of window area. 

A cheaper arrangement of gas and light obscuration screen for 
vertical windows is shown in Fig. 73, the estimated cost being 
Sd. per sq. ft. The rubberised cotton fabric is fixed upon the 
two wooden uprights, which are wedged in position by the 
horizontal members of the frame hinged to one side as indicated. 
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During the day the whole arrangement pulls out for convenient 
storage and when wedged into position forms a gas tight, light 
obscuring screen which is sufficiently loose to yield under blast 
pressure and is therefore calculated to survive very much 
longer than would a rigid screen. The use of light paper 




Fig. 272.—Cheap form of light-obscuring screen. 

screens on batten frames, as shown in Fig. 272, is another cheap 
arrangement. 

Suitable material would be— 

(a) Lyte-tite paper. 

48 in. wide . . . 25$. per 100 yds. 

60 in. „ . . . 31S. „ 

Messrs. Medway Paper Sacks, Ltd., Larkfield, Kent. 

(b) Sisalkraft 6-ply brown paper. It reflects 80 per cent. 
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of the light falling upon it but transmits none. It is also 
water, wind, tear-proof, and is suitable for making up into 


roller blinds. Prices:— 


36 in. wide . 

. 6 d. per bn. yd. 

42 j) »> 

• ‘ 7 i ^’ >t >• 

48 » » • 

. • ,1 ff 

54 >) >< 

. . lO^i. „ „ 

60 „ 

• • >1 #f 


Messrs. J. H. Sankey & Son Ltd. 


L 273.—Outline^sectioiis of factory buildings. 






Fig. 274.—Outline sections of factory buildings. 
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An approximate idea of tlie cost of blinds made up with 
Sisalkraft black-out blind material may be obtained from the 

VYXJIJlg, .- 


Table CVI 


Width. 

Length. 

'fype A, 

'ryjH‘ B. 

Types c. 

3' 6 " 

4 ' 0" 

2/6 

4/3 

5/6 

4' 6" 

6' 0" 

6' 0" 

3/6 

5/6 

7/6 

8' 0" 

4/6 

7/6 

12/- 

9' 0" 

12' 6" 

9' 0" 

5 /- 

II/-- 

15/6 

9' 0" 

12' 6" 

12/- 

24/- 

32/- 

15' 0" 

16/- 

30/- 

1 

48/6 


Type A. Eyeletted at top with egg lath at bottom. 

Type B. Flange roller. 

Type C. Automatic spring roller. 

Delivery and fixing charges extra. 

(c) Holland, Lancaster and other fabrics. 

Fig. 273 and 274 show sectional outlines of factory buildings, 
each type of which presents special light obscuration problems. 

Fig. 275 shows the interior of a workshop illuminated with 
continuous roof glazing, which is a not unusual arrangement. 

It will be noticed that the distribution of the intensity of 
illumination is uneven and that the camouflage, blacking-out 
and protection of the glass is difficult. 

On the other hand, however, the use of Robertson’s sheet 
lights, as shown in Fig. 276, gives more even distribution of 
illumination and enables the glass area to be reduced without 
reducing the average intensity of the light on the working 
plane. 

Fig. 277 shows a sliding tray which enables sheet lights to 
be covered in a few seconds and which provides protection 
for the interior against flying splinters of glass broken by an 
explosion. 

The shutters slide on rods, and are pulled to one side by 
means of a wire, which serves to open or close a considerable 
number of shutters in a single row, so that all the glass in a 
large number of sheet lights may be obscured very quickly. 





Fig. 275.—Showing effect of continuous roof glazing on the lighting 
of interior of workshop. The glazing arranged in this way is 
difhcult to black out and to camouflage. 



Fig. 276.—Showing even distribution of light in interior of workshop 
lighted with Robertson's sheet lights. By this arrangement 
the glass area can be reduced without reducing the average 
intensity of interior illumination. 


[T 0 face page 596. 
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Fig. 277.—Sliding tray under roof lights providing light obscuration 
and protection against falling glass. 
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Fig. 278.—Showing method of camouflaging and obscuring light 
through roof glazing accessible from outside. 
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For the obscuration of light through roof glazing a number of 
alternatives present themselves. 

Where it is possible to get access to the roof glazing con¬ 
veniently from the outside, some such arrangement as shown 
on Fig. 278 will be found the most convenient. By this 
arrangement the glass from every alternate bay in the roof 
glazing is removed and stored against the requirements of 
repairs during an emergency, 
and in place of the glass 
opaque painted boards of 
J in. fibre board are installed. 

By this means 50 per cent, of 
the light would be perman¬ 
ently blacked out and on the' 
obscured positions accommo¬ 
dation for the remainder of 
the obscuring boards can be 
obtained. 

To avoid the expense and 
difficulty of installing com¬ 
plicated hinge devices over 
the existing glazing bars, the 
arrangement shown on the 
drawing can well be adopted, 
as the obscuring boards need 
only be in. thick and this 
easily clips under the 
standard copper glazing 

clips at the base of the Fig. 279.-:Showing Anderson dip 
, ^ ... j: .-I and tee for the wedging of fibre 

bar. Ihe position Ot the . boards in position over glazing. 

obscuring board by day and 

by night is shown on the sketch. The estimated cost of J in. 
painted hard fibre board is per sq. ft. and in. painted 
hard fibre board, per sq. ft. 

Fig. 279 shows C. F. Anderson & Son’s method of clipping 
an additional light steel tee section to glazing bars to provide 
wedge fixing for fibre board covering for roof glazing and 
windows. 

It can be used on any t5q)e of glazing bar and fixed by 
unskilled labour. 
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Fig. 280.—Method of light obscuration and camouflage for North light 
roof using external shutters. 
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The slotted tee sections are permanently placed in position 
by means of special clips and left until it is necessary to obscure 
the light. When required, opaque boards can be fixed in a 
short time by means of wedges which, being fixed without nails 
or screws, can be removed quickly and easily without damage. 

An adaptation of this method can be used externally or 
internally on vertical windows. 

An arrangement for operating north light obscuration from 
the inside of the building is indicated on Fig. 280. From this 
it will be seen that the camouflaged fibre-board shutters are 
fixed to a hinge on one side of the valley gutter so as to enable 
them to swing over to the sloping portion of the roof during the 
day and to be pulled over the roof glazing during the night, 
generally as indicated on the sketch. The estimated cost of this 
installation is is. per sq. ft. 

Fig. 281 shows some cheaper alternatives and which include a 
vertical roller blind over the inside of the louvres at M. per ft. 
super, and a camouflaged tarpauhn on rollers operated from the 
ridge, generally as indicated over the top of the lantern light. 
The estimated installed cost is is. per ft. super. 

The opaque sliding shutter shown in Fig. 282 has the 
advantage that there is little in it to go wrong and it can be 
easily operated even in high wind; the estimated cost is 
IS. T-Xd. per sq. ft. installed. 

A convenient method of installing opaque shutters is shown 
in Fig. 283, from which it will be seen that each glazing bar is 
drilled and tapped for in. dia. set screws at 12 in. c/c, and by 
which a hollowed-out distance piece of timber and a cover strip 
of metal is fixed. Shutters consisting of in. plywood and 
22| in. wide are inserted, as indicated, and operated as shown 
in the sketch. One-third of the glazing is thus permanently 
blocked out by the fixed shutter at the top, the lower sections 
being pulled up by the cord. 

The advantages of this system are ;— 

(1) The shutters can be installed and operated from the inside. 

(2) They fall to the black-out position when the cord is 

released or accidentally broken. 

(3) They catch broken or shattered glass ; and 

(4) The cost is about jd. per sq. ft. installed. 

The disadvantage is that being installed on the inside they 




C. W, GLO\)ER AHD PAHlfiEBS, G.P, 4-682 

CON SUIT m ENGINEERS 


Fig. 281.— Showing methods for light obscuration and camonflage 
of roof glazing. 
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Fig. 282.—Showing use of sliding opaque shutters operated from 
the inside for camoudage and light obscuration through roof 
glazing. 
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are of no use in the prevention of flashed reflections of the light 
of the sun or moon and are of no assistance to camouflage. 

The external sliding shutters shown in Fig. 284 are, however, 
of use in camouflage and light obscuration. 

The details have been developed with a view to the utilisation 
of available materials, although specially rolled sections would 
no doubt make a neater job. 

The arrangement is to have welded window sashes some 
4 ft. 6 in. wide and of a length sufiicient to cover the length 
of the roof glazing. The sashes are filled with opaque and 
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Fig. 283.—Opaque slitling shutters inside roof glaring. 


weathered board so that when every alternate pair of panes of 
roof glazing are replaced with opaque board it is possible to 
expose about 50 per cent, of the original glass area to the 
transmission of light, or to black out completely by the move¬ 
ment of the train of frames some 4 ft. only. 

The tow wires can be manually operated or by motor gear 
with push-button control. The estimated cost is 2s. ^d. per 
sq. ft. of original glazing area installed with hand gear operation 
or approximately 3s. per sq. ft. motor driven. 

By motor operation it is possible to black out in thirty 
seconds irrespective of the size of the roof. 

Fig. 285 shows the George Kent method of installing internal 
wood sliding shutters, which have the advantage of producing 
a reasonably weather-tight roof covering when in the " blacked- 
out ” position. 
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Fig. 284.—External opaque sliding shutters for North light glazing. 
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This is a specially useful feature as when the roof glass is 
broken the interior of the building can l>e protected from tlie 
shattered glass, and also from the weather until the glazing is 
repaired. 

The approximate installed cost is is. per stp foot of original 
glazed area. 

A form of internal hingtsd shutter is shown in Mg. aK(». 

Glow from Furnaces, Plant, etc. 

It is important to shield the glare from blast furnaces, 
cupolas and other similar plant, from reaching the skies and 
indicating the presence of indtistrial plants. 

There is no general method of pr<*vention suitable for 
universal application and each plant must he exjunineti and 
dealt with on its own merits. The following are, however, 
methods which have been successfully fini)Iuy('d ; 

(1) The glare from the top of active blast furnaces can be 

screened by the use of large fireproof louvrcd hocxls 
carried over the charging platforms of the furnaces. 

(2) The top flames from cupolas can be dealt with in a similar 

manner. 

(3) The glow from the in.specfion holes, slag pipes and other 

external apertures in cupolas can be screened with 
large sheds over the charging platform and at ground 
level. 

(4) The reflection of light from kiln chimneys can be dealt 

with by the use of asbestos sheet baffles. 

(5) The glow from open-sided foundry sheds can be mini¬ 

mised by the construction of louvred sides iiaving a 
large overhang. 

(6) Ventilating gaps and louvres in lighted workshops can 

be screened by external hanging shutters arranged to 
pass ventilation through a form of light lock. 

(7) Light locks, similar in arrangement to the air locks 

described on pp. 113-117, must be used on all door¬ 
ways used after dark, when the interior is brightly 
lighted. 

(8) Wall fans can be screened permanently by the use of 

large external louvres in reinforced concrete or similar 
material. 
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CHAPTER XV 

AIR RAID PRECAUTIONS IN FACTORIES 

For detailed information regarding the organisation of an 
air raid precautions scheme for an industrial establishment the 
reader is referred to “ Air Raid Precautions for Government 
Contractors,” issued by the Admiralty, War Office and Air 
Ministry. The principles recommended in this pamphlet 
are based upon visits paid to over 600 factories since the 
emergency at the end of September, 1938. At these visits 
individual needs and difficulties were thoroughly discussed 
with the single aim of arriving at reasonable solutions which 
managements would find useful. 

The situation in every factory differs and rules cannot be 
applied without regard to local conditions, but the information 
given in the pamphlet is of general value and should not be set 
aside for other than exceptional reasons. 

Briefly the general considerations are that the personnel and 
plant in factories should be protected against the effects of 
air raids in order to give security and confidence to the workers 
and to enable production, which is an essential part of the 
national effort, to be maintained at the highest possible rate. 
Under the requirements of the Civil Defence Act such schemes 
must be prepared in peace time ready for immediate operation 
in an emergency and physical protection against all hazards 
except a direct hit provided as already laid down herein. 

Further, the training of personnel is now obligatory and the 
following notes will be of interest and use. 

Training 

Certain duties, such as first aid, fire-fighting, defence against 
gas, decontamination, rescue and salvage work, cannot be 
performed without previous training. It is therefore essential 
that in peace time sufficient personnel should be trained in 
these duties. Table CX gives the recommended scale upon 
which A.R.P. personnel should be organised. 

609 R K 
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First aid training can be obtained in the St. John Ambulance 
Brigade, the British Red Cro.s.s Socit'ty. the St. .Anclrt>w's 
Ambulance Association and tlie Scottish Hraiu'h oi tlie British 
Red Cross Society, or any special classes anaiigi'd by the local 
authorities. Home Office Circular No. 7o.jiS() K), dated 
August 26th, 1938, addressed to local authoritii‘s, gives infornui- 
tion on this quc.stion. 

Fire fighting training can be obtained by arrangeinent witli 
the local tire brigade. Training in la^sem* and salvagt? work 
can usually be arranged by the employer himself. 

As regards anti-gas defence, the Iwst method is to tirrange 
with the local authority for personnel to undergo a loctil course, 
where an L.A.R.P. certificate can be (ibtuined. On return 
from a course such men should be able to train other.s in thcise 
duties. 

In the case of decontamination .sejuads, arrangienenfs .should 
be made with the local authority for the instruction of this 
personnel to be given by an instructor A.R.P.S. 

[Note. Extended courses of training, including incendiary 
bomb control and elementary methods of prottjction against 
H.E. bombs, are available at the Home Oflicti .schotfis at 
Falfield and Easingwold. Persons passing tins course at these 
schools and the local instructors who are given the extended 
training will hereafter be known as Instructors A.R.P.S. and 
L.A.R.P. respectively instead of C.A.Cl.S. and L.A.d.L.). 

The standards of passive protection recommended are as 
laid down in the Code of Practice summarised in Chapter XII. 

Acconunodation required for the Protection and (^ration of 
A.R.P. Services. 

These will consist of:— 

(a) A.R.P. control post and intercommunication personnel. 

(b) First aid post staff I Combine if possible anti allow 

(c) Cleansing personnel J for both sexes. 

(d) First aid parties. 

(e) Fire fighting squads and fire watchers. 

(f) Rescue and salvage squads. 

(g) Decontamination squads and gas searcher persumuj. 

(h) Key men who have to remain tending their plant, 

All the above must be provided with splinter-proof and 
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incendiary bomb-proof accommodation for personnel and 
equipment at, or as near as possible to, their probable scene of 
activity. Failing existing accommodation which could be 
utilised or adapted at short notice, it will be necessary to 
provide these premises in peace time. 

Accommodation for (b) and (c) in addition to being splinter- 
proof and incendiary bomb-proof must be gas-proofed. If 
existing first aid premises or other buildings cannot be 
utilised or adapted at short notice, then this accommodation. 
must be provided in peace time. Accommodation constructed 
below ground is safer and can be provided more cheaply than 
above ground. 

Protected accommodation for such men as fire watchers and 
key men will usually be sited in the corners of buildings and* is 
best constructed with sandbags. 

Intercommunication 

Internal arrangements will be necessary for communicating 
the air raid warning instantly to all personnel. 

Internal communication will be required from the control 
post to the A.R.P. services, and to specific points within the 
factory. 

Buildings and Plant 

Note. The definition of vital plant is key plant upon which 
the output of a factory as a whole depends. 

{a) Lateral Protection against Splinters and Blast. The walls 
of buildings containing vital continuous processes or vital 
plant should be of splinter-proof thickness up to at least the 
height of the top of the machinery enclosed. If the cills of 
windows and openings are below the height of the vital plant, 
splinter-proof protection must be provided at these places up 
to at least the height of the plant enclosed. 

In the case of shops where walls are not of splinter-proof 
thickness, or in large shops containing groups of vital plants 
or isolated vital plants, these plants should, if feasible, be 
protected by splinter-proof erections or walls not more than 
50 ft. away from the plants. 

(6) Overhead Protection. When glass in roofs and windows 
has to be repaired it should be replaced with wired glass. The 
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standard in new construction for all i^Iass in nxifs an<l windows 
is wired glass. 

The standard thickness of roof to be aiine<l at is 6 in. of 
concrete for buildings containing vital plant. In large shops, 
where it is impracticable to give coin})lcte overluuid pi'oh-etion 
against light incendiary bombs and liglit lUbrix, vital idants 
which are vulnerable should be protected I>y the erection of 
canopies of f in. steel. 

Fire 

Equipment must be providwl for dealing with lires and 
incendiary bombs in buildings. 

All fire-engines and pumps should be considered as vital and 
housed in splinter-proof and incendiary boinh-j»roof shelters <»r 
buildings. 

It is important that alternative sources of supjdy of water 
should be arranged wherever possible. 

Lighting 

During time of war lighting restrictions will l)e enforced, and 
no lighting will be allowed to be visible from the air during the 
hours of darkness. Only in exceptional circumstances will any 
partial relaxation of these requirements be allowetl 

Emergency lighting will be required to assist in the evacua¬ 
tion of buildings to A.R.P. accommodation. Indcpendetit 
lighting (battery, oil or candle lamp) must also be ju'ovided in 
all A.R.P. accommodation. 

Alternative Sources of Supply (Electricity, Gat and Water) 

Both in new schemes and in existing factories, where possible 
and within reasonable financial limits, alternative sources of 
supply should be arranged. 

This is specially necessary in the case of water for fire¬ 
fighting purposes. 

APPLICATION OF THE STANDARDS 
1. Protection of Personnel 

General Ride. To minimise casualties from a direct hit of 
an H.E. bomb, no party should consist of more than fifty 
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persons together. Only in very exceptional circumstances 
should this rule be departed from, and in such cases special 
measures for protection will have to be taken. Each party 
must be segregated from every other party, and provided with 
the necessary protection against blast, .splinters, light incendiary 
bombs, and light ddbris. Unless specially ordered, accom¬ 
modation for personnel should not be made gasproof, but should 
be capable of being gas-proofed if necessary. It is important 
that every worker has his respirator in his possession at all 
times. 

Every occupied shelter or space must have its own 
emergency exit. 

All protective walls between parties must extend from side 
wall to side wall and up to the, ceiling. 

2. Protection and Operation of A.R.P. Services 

General Rule. All accommodation for the personnel and 
cxiuipmcnt of the A.R.P. services must be provided with at 
least the standard of lateral protection against splinters and 
blast, and the standard of overhead protection against light 
incendiary bombs and light ddbris. The remarks in Para, i 
regarding gas ecjually apply to A.R.P. personnel except that 
the first aid and cleansing centres must be gasj^roofcid. 

(a) A.R.P. Control and Intercommunication Personnel. A 
protected control post is required from which a responsible 
official can maintain control over the various A.R.P. services 
and personnel, by telephone with an alternative messenger 
service. 

The post is best near the permanent office of the official in 
control, but in large factories subsidiary control posts may be 
necessary, in which case the organisation will have to be 
duplicated as required. 

{h) First Aid and Cleansing Personnel. It is essential that 
the whole of the premises chosen should be protected and 
gasproofed and that the layout and area conform generally to 
the Standard laid down in A.R.P. Handbook No. 6, and Home 
Office pamphlet, First Aid Posts, dated April, 1938. 

Separate first aid and cleansing facilities will be required for 
men and women. The proportion of women to men may 
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increase considerably in war, and this factor shoukl be Ijoriie 
in naind when accommodation is selected, 

The cleansing centre should adjoin the first aid {>ost. 
Slightly wounded contaminated ixa-sctnnel can Ik- cleansed in 
the cleansing centre before entering the fust aid post. 
Seriously wounded piu'-somud who are also contuininuted must 
be cleansed and medically treated in the first aid room, 



Fig, Firit aid and cteanaing cantra Fir men iiiicl woitwiL 


having had their clothing removed in the waiting-room as 
expeditiously as possible. 

Wash-places and lavatories where hot water facilitias exist 
may often be utilised as cleansing centres. Such accommoda¬ 
tion must be suitably protected and gasproofed. 

Weatherproof sheds should be constructed at the entrance 
to cleansing centres, where contaminated persons can take off 
and leave behind their contaminated clothing. 

The design of a suitable below-surface first aid and cleansing 
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centre is shown in Fig. 2S7, and the minimmn staff for the 
working cf it is shown in Tabic CVIII. 

The local authority is rcsponsildc for the evacuation of 
casualties from the factory fir.st aid jK)st to hospital. 

It is unnece.s.sary for factories employing 500 woi'kers or less, 
a.s a maximum, on the premises at any om* time, and Itivtitnl in 
a town, to provide thein.selves with a first aid aiul cleansing 
centre as indicated in Fig. 2H7. ('.usnalties in such factorii's 
can be dealt with in the existing first aid room ami further 
treatment, both as regards first aid and cleansing, shouUl he 
obtained at the nearest finst aid and cleansing centre of the 
local authority. 

(c) First Aid Parties, The.se should consist of partit-s of four 
trained first aid personnel in protected ai-commudatiou 
distributed over the factory and amongst the bulk of the 
personnel who are in protected accommodation. 

Their duty is to deal with local casualties in the area to which 
they have been allotted. They will retpiire to be eipiippcd 
with one first aid haversack and two stretchers jht party, 
and one pouch per person. (Tables CIX and (’XI). 

{d) Fire Fighting Squads and Fire Watchers. Fire fighting 
squads will require to be organised in day aiuI night reliefs, 
whether night work is being done or otherwise. They should be 
placed within or in the vicinity of their eqnipmcnf, both 
personnel and equipment being providcil with piofeclcd 
accommodation, usually a fire station. 

(For detailed information .see A.R.P. Harulbnuk, No. g, 
Incendiary Bombs and Fire Precautions.) 

Fires caused by incendiary bombs arc best dealt with at their 
inception. For this reason a network of firewatching parties 
should be distributed throughout the factory, tlieir numbers 
being increased where fire risks are high. 

These parties consist of three persons with their equipment 
located in protected accommodation, usually .Hited in the 
corners of buildings and best constructed with satulbags. 

The limiting factor is their range of vision, and therefore 
sectors allotted to fire-watching parties should overlap. 

(e) Rescue and Salvage Squads. The.se .stjuad.s require to be 
organised in day and night reliefs, whether work is being done 
at night or otherwise. TTiey should be located with, or in the 
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vicinity of, their equipment, both personnel and equipment 
being provided with protected accommodation. 

Personnel extricated from under ddbris will invariably require 
medical attention. A fir-st aid party should be included in 
the rescue and salvage squad. 

In large factories, suitable vehicles .should form part of the 
equipment of squads for the speedy transport of both personnel 
and equipment to wherever required. 

(/) Decontamination Squads. Decontamination squads, 
which will include personnel for searching the factory premises 
for gas-contaminated areas, should be located in protected 
accommodation, with or near to their equipment. If possible, 
each squad should be situated in the area for which it is 
responsible. 

Each area thus allotted should be again sub-divided, each 
sub-division being made the responsibility of a particular gas 
searcher. By this means an area is quickly and effectively 
searched for gas Contamination. 

(g) Key Men. Key men are those who must remain during 
the progress of an air raid to attend such duties as turning oil 
gas, electricity, attending to boilers, and similar work, and 
they can be incorporated with the nearest fire-watching party. 
If tins is not feasible, protected accommodation, usually con¬ 
structed with sandbags, must be provided. 

Key men should be posted in pairs, and if possible, in threes ; 
or a key man should have one or two men with him and not be 
posted singly. 

8. Intercommunication 

(«) Warning System. It is necessary that the means of 
INTERNAL Warning should be frequently tested. Where 
EXTERNAL Warning is given by telephone or by sound, it is 
important that the listener who receives it should be able to 
operate at once the internal warning signal of a factory so 
that all oraploytEis may obtain as early warning as possible. 

(b) External and Internal Communications from A.R.P. 
Control Post. It is important that communications from the 
control post to the local authorities be maintained at all times. 

In cases where the factory telephone exchange is evacuated, 
alternative telephone communication should be arranged 
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with the local authority by means of a by-pass line 
cutting out the factory telephone exchange. A messenger 
service should also be organised. 

For the maintenance of control, eoinmunicalious Ijelvveen 
the control post and the A.R.P. services ami personnel in 
protected accommodation is e.ssential. 

The various means of arranging coinnmnication are: 
Utilising as far as is po.ssiblc existing post orft<-e and house 
telephone systems, installing field telephones, and arranging a 
messenger service from the control post to all ccnifeined. 'I’wo 
means should also be arranged, the me'.sengiT service being 
one of them. 

4. Buildings and Plant 

General Rule. It is obviously impracticable to give the 
standards of lateral and overhead protection to all jilant, and 
the responsibility for classifying what is vital or otherwise; rests 
with the expert on the spot. After deci.sion on tiie various 
vital installations, the standard of lateral protection u{> to at 
least the height of the vital plant to he protected ami the 
standard of overhead protection must be ap{>Iied. 

5. Fire 

It is essential that every factory .should be at)le t(j rely on it.s 
own resources both as regards fire-fighting equipineut and 
water. 

It is most important that an alternative ami preferalily an 
independent supply of water should be putvirled for fire¬ 
fighting purpo-ses. Storage tanks sunk in the ground provide a 
suitable alternative for this purpttsc. In most casi;H a pump 
with booster apparatus and requisite hose is n'commt;nd(Hi. 

Fire watchers must also be provided witli adeciuate equip¬ 
ment for dealing with incendiary bombs at their inception. 

6. Lighting 

{a) Obscuration of Light (see Chapter XIV.). No lighting 
visible externally after dark will be allowed during wartime. 

{h) Emergency Lighting. A system of tlirectional and/or 
pilot lights will be necessary inside the Imilding, mrangcl by 
means of independent batteries, or even oil 
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Independent lighting (battery, oil or candle) must also be 
provided in all A.R.P. accommodation. 

7. Alternative Sources of Supply (Electricity, Gas and Water) 

(а) Electricity and Gas. In factories where electricity or gas 
or both are vital to production, and if their provision is within 
reasonable financial limits, an alternative, or preferably an 
independent supply, should be arranged. Mains should be 
widely separated. 

(б) Water. This service is often vital to certain processes, 
and therefore the importance of an alternative supply is 
stressed. 

General Organisation 

A suggested layout of an organisation is given below :— 


Table CVII 

Control Officer and His Deputy 


Officer 
and Deputy 
for 

Evaaiation 


Officer 

and 

Deputy 

for 

First Aid 
Services 


Officer 

and 

Deputy 
for Fire 
Services 


Officer 

and 

Deputy 
for Rescue 
and 

Salvage 


Officer 

and 

Deputy 
for Decon¬ 
tamination 
and Gas 


Officer 

and 

Deputy 

for 

Essential 

Services 


1st Aid and 
Cleansing 
Centres, 
1st Aid 
Parties 


Senior Wardens 
(as required) 


Fire 

Fighting 

Squads, 

Fire 

Watchers 


Rescue and Decon- Essential 
Salvage tamination Services 
Squads Squads and Key 
Men 


Senior Warden 


Wardens 
(as required) 


Warden in Charge of 
Party not exceeding 
50 Persons 


Noie, A Senior Warden should control about six shelters accommodating 
approximately 300 persons. 


1. Protection to Personnel 
This is dealt with in Chapters VI to X. 
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2. Provide Accommodation for tne Protection and Operation of 
A.R.P. Services. 

8. Intercommunication 

(i.) Arrange an efficient system of internal warning. 

(ii.) Orgaui.se a personnel for a twenty-four fiotir service to 
receive tlie air raid warning, and to operate the internal 
warning. 

(iii.) Arrange by-pass line from control post to main 
exchange line, cutting out factory telephone e.xchange. 

(iv.) Utilise existing factory telephone system and/or field 
cable to communicate from A.K.P. control post to A.R.P, 
services, personnel other than A.R.P. services and special 
localities. 

(v.) Organise a messenger service to duplicate means of 
communication. 

4 . Buildings and Plant 

(i.) Provide lateral protection for vital buihliiigs and vital 
plant against 500 lb. H.E. bombs falling 50 ft. or mure away. 

(ii.) Provide overhead cover to vital plant against falling 
ddbris, 2 ^ lb. incendiary bombs and damage from broken glus.s in 
roof-lights. 

Decide what bfiildings and plant are to be protected and 
method to be employed in each case. 


5 . Fire 

Considerations. —(i.) Examine building.s and list sjiecial fire 
risks, including attics and inflammable roofs sirscopf ible to 
incendiary bombs. 

(ii.) Examine neighbouring buildings and their possible fire 
risks to the factory. 

(iii.) Consider best means for (-.omijafing the above fire risks. 

(iv.) Divide areas where necessary into sectors for location of 
fire watchers. 

(v.) Consider existing sources of water supply and investigate 
alternatives. 

(vi.) Consider augmentation of existing fire parties and num¬ 
ber required for A.R.P. fire-fighting squads and fire watchers. 
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(vii.) Consider augmentation of existing fire equipment and 
provision of appliances for dealing -with incendiary bombs. 

(See A.R.P. Handbook No. 9, Incendiary Bombs and Fire 
Precautions.) 

6. Lighting 

(i.) Prevent any lighting being visible externally after dark, 
(ii.) Provide the minimum but sufficient internal lighting to 
enable the evacuation of buildings to protected accommodation 
being carried out in a speedy and orderly manner. 

(iii.) Provide independent lighting in all protected 
accommodation. 

7. Alternative Sources of Supply of Electricity, Gas and Water 

(i.) It can be envisaged that repairs to the distribution 
system will be carried out with reasonable speed. 

(ii.) Ring mains, although far superior to single mains, 
cannot be considered as alternatives if from one source only. 

(iii.) The sources of supply from public companies should be 
thoroughly investigated. 

8. Camouflage 

No standards can be laid down ; each building or area must 
be considered separately. 

9. A.R.P. Duties and Equipment. 

When final decisions on the above points have been made, the 
following details, where applicable, will have to be worked out 
for each portion of the scheme :— 

(a) The duties of all concerned. 

(b) The equipment required for all the various A.R.P. 
services and arrangements for its storage. 

(c) The work to be done, with details of method and 
material:— 

(i.) Now. 

(ii.) In the last twenty-four hours. 

10. Evacuation to Protected Accommodation 

The most careful and detailed preparations and rehearsals 
will be necessary for efficient working. 
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Traffic control will be most important to ensure speedy 
evacuation and prevent congestion :it any [>articular {joint. 
Traffic routes must be laid down and directional signs will be 
found useful to direct ponsonncl. 

It is essential that each emijloyee should know his a{>pointed 
shelter and the route to it, both by <lay and night. 

It is considered that the dispersal of em{)loy<>e.s to their 
homes should be discouraged. 


NOTES ON CONSTRUCTION OF A BELOW-SURFACE FIRST AID 
POST AND CLEANSING CENTRE. See Fig. 287, 

1. Excavation to be 6 ft. 

2. The whole construction must be gasproof, and all entrances 
and exits must be provided with air-locks. 

3. All entrances, exits, and doorways must be made suitable 
for the passage of stretchers. 

4. Equipment must include picks and shovels to excavate 
occupants if buried. 

5. Material used, either preca.st concrete or .steel. First aid 
rooms can be of hollow wall blocks. 

6. Gas filtration plant is not contemplated, but all shelters 
will be provided with ventilation outlets which are gasproof, 
but which can be opened up in peace-time, and in case of 
necessity in war-time. 

7. A mound of earth at least 2 ft. above the height of the 
shelter entrance, minimum 2 ft. 6 in. thick at the top, must be 
erected at every entrance and exit as a protection against bla.st. 
Care must be taken to erect the mound so as to allow the 
passage of stretchers. 

■ 8. Personnel who are contaminated and lightly wounded or 
unwounded should be admitted at Entrance A. Severely 
wounded personnel .should be admitted at Entrance B, and 
arrangements must be made in the reception room for keeping 
the contaminated clear of the uncontaminated. 

9. The weatherproof sheds where contaminated personnel 
should take off and leave behind their contaminated clothing 
axe not drown in Fig. 287. 

10. The estimated cost includes excavating and filling back, 
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cost of material, floor, and erection, but does not include cost of 
installations, drainage or equipment. 

Table CVIII 

7 ft. sections in concrete or steel . . £6 per yard run. 

14 ft. 6 in. sections in steel . . . ;£i4 ,, „ 

14 ft. 6 in. sections in concrete . . £18 „ „ 

14 ft. 6 in. sections in hollowwall blocks. £28 „ „ 

Estimated cost, including Ramps, Entrances and Exits :— 

Concrete or steel . ■ . . .. £1,350 

Hollow wall blocks . . . £1,600 

The minimum staff required for the working of the First Aid 
Post in respect of one sex only is as under :— 

In charge of post . . . . i 

Reception for clean . . . . i 

Reception for dirty (contaminated) . 2 

Washing . .2 

First aid treatment .... 3 

Recording clerks .... 2 

Stretcher bearers working any i pair 
Reception to First Aid and i pair from 
First Aid to Waiting ... 4 

15 

An economy of personnel according to circumstances is 
suggested as follows :— 

Reduce in charge of post . . . i 

Reception for dirty (contaminated) to . i 

Washing to ..... i 

Clerks to.1 


Total . 


4 
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Table CX 
A.R.P. Personnel 

Table giving numbers that are suggested as a basis, and intended for 
modification to suit individual cases. 

The figures for Fire Watchers and Key Men should be taken as very approxi¬ 
mate, and each factory must consider them in relation to its own requirements. 
If more than one shift is employed the numbers to be trained must be increased 
pro rata. 


Duties. 

Numbers of Persons F.inployed, 

31-500 

500 

1,000 

2,000 

5,000 

First Aid Post or 
Centre. 



4 

(i X4) 

8 

(2X4) 

12 

(2X6) 

Cleansing Centre (Men 
or Women) 



(iX-z) 

4 

(i X 4 ) 

8 

(2x4) 

First Aid Partic^s (4 
persons) 


oc X 

8 

(2x4) 

12 

(3x4) 

l6 

{4X4) 

J )econtamination 

Squads including 

(his Searchers 



6 

(1X6) 

6 

(tXO) 

12 

(2 X6) 

Rescue and Salvager 
I^arties 


() 

(XX6) 

12 

(2x6) 

i« 

(3x6) 

24 

(4x6) 

Figlitiirs or Croup 
hire Parties 

H 

(IXH) 

« 

(> XH) 

8 

{1X8) 

l() 

{2X8) 

24 

(3x8) 

’“Mre Watchers . 

3 

(‘ X3) 

() 

(-!X3) 

9 

(3X3) 

12 

(4x3) 

18 ■ 
(6x3) 

Telephone Operators . 


1 

2 

(l X2) 

3 

(I X 3 ) 

3 

(IXS) 

Messengers 


2 

3 

■ 4 

6 

Key Men . 

As requ 

ired, Eac! 
tl: 

h pEirty co: 
iree person 

nsisting of 
s. 

two or 

Totals: 

At any one time, 
excluding Key Men 

1 1 

3 t 

54 

«3 

123 


Note. The figures in brackets indicate the number of parties and the 
strength per party, (2 x 3) means two parties, each of three persons. 

♦ An alternative method of calculation is to allow at least one party of 
three for every 8,000 sq. ft. of roof area. 
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TABI,li CXI 

Equii'Mknt for a First Aid I’akty 

Suggested ('ontknts: Pottcu 

(One l*uuch per Man) 

Bandages, triangular. . q 

'' Dressing, first aid/' large.6 

,, ,, ,, medium e 

Canes (for tightening improvised tourniquets) (o in. Icmg) • * » 3 

Labels, Casualty Identity. Book of X5 (with indelible iHmcJl) , , ] 

Ointment, Bleach (and pieces of clean, washerl rag), 2 m, tins , tin i 

Safety Pins, large, cards of ..... . cards 3 

Scissors, 7 in., with lanyard (at least one blade pointed) . . pr, i 

Tannic Acid Jelly, i 025 . tubes.tubes i 

Torch, electric, hand, small (blue bulbed).. 

Tourniquets, Samway i; St. John’s type 2.j 

(Each member of a First Aid Party shoulrl carry a wa.tor 4 H>ttIe.) 


Suggested ,Contents ; Fikst Aid Pahtieh’ Haveusack 


(One Haversack per Party). 

Bandages, triangular' jfj 

Canes for tightening improvised lournuiuets {h in. long) . . . 8 

Clasp Knife, large. i 

Cotton wool, 1 oz. pklH. {Ats. 5 

Dressings, first aid, large ..iS 

„ „ „ medium . . . . , . . .12 

Lint, unmedicated, in squares about 8 in, X 12 in. , , squares 0 

Ointment, Bleach, in 2 02:. tins (and clean, washed rags) * tirw 4 
Safety Pina, large, cards of . curds 8 

'rourniqu(d.s> St. John's type 

Sifiints. .seciioiml wooden.gets 

Straps, webbing, with metal faitoners for securing splints, length alsjut 
iSim, width about a in. Htrapi 18 

Tannic Acid Jelly, f oz. tubes tubes 4 

Torch or Lamp, with stand and shield ...... 1 


Note. The above list replaces the list given in A.H.I*. Cn Appendix J. 
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Example of a Works A.R.P. Scheme 

Table CXII 
(1,000 Employees) 

Outline of Scheme 




Name of 

! 

Names 

Section. 

Duties. 

Kesponsible 

of 



Ofticer. 

Deputies. 

I . Organisation . 

Planning organisation prior to an 

A 

1 


emergency. 


J 

2 . Control , 

Controlling all personnel and 

B 

K 


A.R.P. activities during an 
emergency. 


L 

3. Dispersal 

The equipment of the shelters and 

C 

M 


arrangements for the dispersal 
of employees to the shelters. 


N 

4. Observation 

The manning of selected look-out 

D 

0 


posts and arrangements for 
sending reports by telephone or 
messenger to headquarters. 


P 

5. First Aid 

Equipment and manning the first 

E 

Q 


aid posts and the supply of first 
aid equipment and personnel to 
shelters. Also equipment and 
personnel for cleansing persons 


K 


contaminated by gas. 



6, Firs Fighting . 

Organisation of fire fighting 
services, including equipment 
and personnel. 

F 

s 

T 

7, Gas Detection , 

To arrange disposition and opera¬ 

G 

U 


tion of gas detection equipment 
and personnel. 


V 

8 , Essential 

Organisation of essential services, 

H 

w 

Services 

personnel and equipment, in¬ 
cluding rescue, demolition and 


X 


decontamination of material. 




Prior to an Emergency 

Section I 

The general organisation of the scheme prior to an emergency 
and the planning and construction of all shelters, watchers’ 
posts, aid posts, fire stations, cleansing centres, etc., is in the 
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hands of Mr. A. with tlie assistance of Mr. V. on the siii)j)ly of 
equipment, Capt. Z. on the training of personnel, Mr, AA. being 
chief instructor and Mr. BB. the A.K. P. stonskeeper. 


On Declaration of State of Emergency 

The staff already warned of their .special duties will at once 
attend to the following points and rejxirt when coin[)leted. 

(1) Move records to war-time protected store. 

(2) Test through all emergency telephone, signal and 

emergency lighting arrangements. 

(3) Fill all reserve water tanks. 

(4) Run and test auxiliary power plants, 

(5) Mobilise all A.R.P. personnel. 

(6) Issue all war-time stores. 

(7) Distribute all first aid and cleansing stores, jtrotc'ctive 

clothing, etc. 

(8) Check over all nominal rolls and operation instructions. 

(9) Check over all routing indicators. 

(10) Bring into force all light obscuration arrangements. 

(11) Clear all passages and roadways of all unnec«‘.s.sary 

obstructions. 

(12) Carry out a general rehearsal. 

During an Emergency 

Section II Control 

The control headquarters are situated in the underground 
shelter A,,, opposite to the main entrance to the offices, see site 
plan, No. 4913 (Fig. 289). 

Reserve headquarters is situate in .shelter No. behind the 
A.R.P. stores. The factory is divided into Sections A, B, C 
and D, each with five 50-per.son shelters conveniently 
situated. 

Standing Orders 

(1) Immediately on receipt of an air raid warning tlie chief 
telephonist will set into operation all the works warning .signals, 
switch over the telephone lines to the switchboard in the 
control headquarters and take up her position there. 

(2) The personnel enumerated below will then proceed to 
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of shelters. 
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control headquarters and remain there on duty until the 
“ all-clear ” has been received and the chief control officer is 
satisfied that all shelters have been evacuated and emergency 
work completed. 

(3) The control officer will at once ensure that dispersal to 
shelters has been .successfully accomplished and that all 
observers and emergency squads are at their i)osts. 

. (4) Control headquarters will keep in touch by tclei>hone or 
runner with shelters, look-out posts and emergn'iioy .scpiads, and 
keep a careful log of all messages received iuul action taken 
thereon. 

(5) Headquarters will take appropriate action througli the 
factory emergency services immediately any casualties and/or 
damage may be reported. 

(6) Report all air raid " incidents ” affecting tlie factory 


Table CXIII 


Personnel 

Control Kcm'fve 


Chief control officer . 

HeadquarterH. 

. Mr. li 

lleadtjuarters, 
... ' Mr. L 

Deputy 

. . K 


Dispersal officer 

„ C 

.. M 

Deputy , 

.N 

... 

Gas detection officer 

. . . . . ,, G 

„ 11 

Deputy . 

. „ V 

... 

Telephonists . 

. . « • . i 

... a 

Messengers 

. 3 

... 2 

Staff, sheltering 

. 40 

43 


EqUII’MKNT 

No. 

Ho. 


Plans of factory layont showing all shelters and 

Bactional areas.x 1 

Location diagram for equipment and emergency 
services i i 

ListsofallA.R.P. personnel and where located . i ... 1 

Sets of report forms and control log l>ook . * 1 ... 1 

Table, chairs and stationery cupboards . sets t ... i 

Cnpboard for protective clothing and masks for gas 

detectors. ♦ 1 ,,, 1 

Gas detectors.* . i i 

G.P.O. telephone switchboard and 2 instruments. i i 

Field service telephone switchboard and 3 instra- 
meats ....... 1 ... 1 

Telephone directory and separate list of important 
numbers i ... % 

Wireless set ....... x ... 1 

Set of fittings and equipment as for all shelters 

.I ... I 
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premises to the town A.R.P. headquarters and call for outside 
assistance from the town A.R.P. services if necessary. 

(7) Without hesitation headquarters will take any action 
that conditions render desirable to safeguard life and the 
property of the firm. 

(8) Headquarters will ensure that it is safe to leave the 
shelters before permitting personnel to do so. 

(9) Reserve headquarters will be in constant telephonic 
communication with control headquarters and will listen in on 
all reports and orders so as to be ready to take over immediately 
control headquarters is unable to continue. 

Section III. Dispersal 

Notes. The protection of employees during air raids is 
ensured by the provision of twenty buried shelters, each for 
iifty persons, arranged in four groups as shown on the plan. 

limjiloyoes of both sexes will occupy shelters by departments 
under their own charge hands and foremen. Each employee 
will have an allotted place in a particular shelter and will wear 
a badge indicating his shelter number, while in the works. 
Each shelter is in the charge of a shelter warden and an 
assistant. 

Air raid warnings will be by intermittent blasts on works 
klaxons. 

Standing Routine 

Immediately on receipt of the air raid warning— 

Employees will {a) stop their particular machines and turn 
off any service they happen to be utilising—water, 
compressed air, steam, gas, oil service, electricity, etc. 

(6) Take up their gas masks and walk to their shelters by the 
appointed routes. 

Shelter assistant (if not at the shelters) will run to them to 
open entrances, turn on lights and check employees 
entering against the nominal roU. 

Shop foremen will pass to their shelters after the employees 
have left the works and after they have ensured that aU 
plant is shut down. 

Departmental first aid staff will proceed to their appointed 
places and report to their A.R.P. chiefs, 
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A.R.P. duty personnel will procuocl to their posts anti re{)ort 
present to headcpiarters by t(!le})hotie. 

No person will leave his shelter until instructed to do so on 
tlie order of headcpiartcirs. 

No smoking in sludters is permitted. 

Note. Prominently exhibited in each dep.trtmt'ut of tlie 
works is a list of group areas, shelter numbers and names of 
shelter wardens and assistants. 

At least two persons of each sex trained in lirst aid are 
allotted to each slielter. 

Equipment 

Each shelter will have the following e(|nipmen( :— 

Benches for fifty persons. 

Electric light (from battery in separate shelter). 

Haversack of first aid recpiisites. 

Air supply by manually-operated fan. 

Two chemical clo.sets and two buckets. 

Water in four two-gallon cans. 

Cupboard containing;— 

Box of biscuits. 

One dozen paper drinking cups. 

Two tin bowls. 

Two towels. 

Electric torch. 

Two candles. 

Box matches. 

Six packs of cards. 

One mouth organ. 

Few magazines. 

Six knee game boards. 

Small chemical extinguisher. 

Spade and crowbar. 

Section IV. Observation 

There are five observation posts. One on the roof of the 
office building, commanding a view of the whole factory and 
one at each end of each service road. 

All posts are connected by telephone to the control head- 
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quarters, which in turn is connected to the fire station and 
emergency posts. 

Standing Orders 

On receipt of an air raid warning all observers will take their 
gas masks to their posts, don their steel helmets and report 
present by telephone to headquarters. 

All unusual happenings observed will at once be reported 
to headquarters control. 

Each post will be manned by an observer, an assistant and a 
runner. 


Section V. First Aid 

The first aid post adjoins the cleansing station on the east 
approach to the factory and is equipped to deal with both 
sexes. 

Personnel 

First aid post. 

In charge . . Dr. 

Staff . . . Mrs. 

Miss. 

Miss. 

Mr. 

Cleansing Centre 

Mrs. 

Mrs. 

Mr.and Mr. 

First Aid Parties 

A party ; Four persons. 

B party : Four persons. 

Equipment 

First aid haversacks will be issued to each party and there 
will be one in each shelter and in the fire station. 

Each man in the first aid parties will have a first aid pouch 
(for contents see Table CXI). 












634 


CIVIL DEFENCi: 


Section VI. Fire Fighting 

The factory emergency fire-fighting personnel will be located 
as below;— 


Squad 

1st squad 
2nd „ 
3rd „ 
4th „ 


NuiulHd' 

8 

3 

3 

3 


post 

lure station 
Section H 


Routine 

(1) On receipt of an air-raid warning, firemen will man their 

appointed posts and fire leaders wilt telephone the tire 
station when ready for action. 

(2) The fire chief at the fire station will then report ready for 

action to control headquarters. 

(3) Any person observing an outbreak of lire will telcphoiu! 

headquarters, who will instruct nearest fire scpiad and 
notify the fire station. 

(4) Any fire squad observing an outbreak will at once get 

into action and report to the fire chief. 

(5) Reserve squads will be in protected accommodation at the 

fire station. 

(6) The telephones will be manned continuously. 


Equipment 

The installed works equipment includes pnsssure mains, fire 
boxes and hydrants to reach all parts of the factory, and in the 
stores department there is a sprinkler installation. Chemical 
extinguishers and sand buckets are installed to approved scale 
in other parts of the works. 

For A.R.P. purposes the plant has been supplemented by 
three canvas water dams, a light trailer pump, capacity 
120-180 g.p.m. at 80 lb. pressure, and light extending ladders, 
housed on external walls adjoining service roads. 

Firemen's personal equipment will be kept at their station 
or squad posts. 
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Section VII. Gas Detection 

Personnel 

The chief gas detection officer will be situated in head¬ 
quarters with special gas detection apparatus. The second 
gas detection officer will be situated in reserve headquarters. 


Routine and Equipment 

(1) All shelters have gas locks and there is a supply of service 

gas masks and anti-gas clothing for the emergency 
squads. 

(2) Arrangements have been made for the institution of gas 

cleansing and a gas decontamination squad has been 
trained. Decontaminating equipment is arranged for 
and a supply of bleaching powder is in stock. 

(3) In an emergency the gas detection officers will place gas 

detection plates at various points in the works and 
at the entrances to shelters. 

(4) Special gas detection apparatus will be kept in head¬ 

quarters and reserve headquarters for use of gas 
detection officers. 

(5) If, during a raid warning, enemy aeroplanes have been 

overhead, gas detection officers will ascertain that no 
gas has been dropped, and that all is clear before 
cmployco.s are allowed to leave shelters. 


Section VIII. Essential Services 

Location 

Essential service squads will be stationed in protected posts 
at the undermentioned positions :— 

A.R.P. stores. 

Fire station. 

Power house. 

In addition, firemen will be situated in these posts, so that they 
will be able to co-operate with each other. 

Electricians will be posted in pairs in the switch houses, which 
are protected. 
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Notes. 

(1) Under the term " Essential Services ” are included not 

only the safeguarding of supjily lines of water, gas, 
electricity, etc., but also the carrying out of any 
necessary emergency services, such as the rescue of 
imprisoned persons, demolition of dangerous damaged 
buildings, and the decontamination of material. The 
e.ssential service stjuads therefore include men who have 
intimate knowhslge in rc.scue, demolition, and 
decontamination. 

(2) On receipt of air raid warning, essential service stpiads 

and duty men will go straight to tlieir posts as chdailed, 
and will take such action as regards .switching off 
electric power and shutting down gas mains, etc., as 
may be laid down. 

(3) The three main squad.s will then report to headcpiarters 

by telephone that they are in position and ready for 
action. 

(4) Emergency squads will be notified from li(Mii(|uail(trs 

should their services be needed and will then act under 
their leaders in any way the situation may demand. 

(5) Should emergcmcy .scjuads themselves oteerve a need for 

their services, they will notify Ijeadtjiiarters before 
leaving their posts to deal with the situation. 

(6) Furnace men will be accommodated in the shelter 

nearest to their boilers, and will, if necessary, leave the 
shelter to attend to them from time to time. 

(7) Emergency squads will act under the direct instructions 

of Control Headquarters. 


Ekiuipment 

Eciuipment for the essential services and enun’geii(;y {wjuads 
will be drawn up in detail by the works tnanagenu'ni. 

The equipment is already on the works, and in an <‘mergency 
will be placed in or near the emergemey squad posts. It 
includes pipe-fitters' tools, crowbars, wedges, shores, jacks, 
pulley blocks, rope, pick axes, spades and plugging material. 

The four extending ladders provided for the fire-fighting 
services will be available also for the emergency squads. 
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PROVISION FOR EMERGENCY CONDITIONS IN FACTORIES 
Ventilation 

Modifications that are applicable in peace time to the normal 
ventilating arrangements of factory shops would provide 
valuable safeguards in emergency conditions. 

Ventilation in factories which are reiiuired to be used during 
or immediately after a gas attack presents a number of special 
problems, the principal of which are outlined below. 


Natural Ventilation 

Natural ventilation depends for its operation upon the 
temperature difference between the inside and outside of a 
factory and also upon wind velocity. In summer, when the 
temperatures inside and outside are nearly the same, it depends 
almost entirely upon the wind, and the result is largely a 
matter of chance. 

Data as to the extraction produced by roof ventilators of 
various design and under various velocities and temperature 
differences arc obtainable from the makers of these units. The 
sizes range from 6 in. to 50 in. in diameter. Where roof 
extraction is provided some form of inlet is normally arranged 
at a low level in tlie side walls. These often take the form of 
ventilatc3rs behind radiators under the windows and the size is 
commonly 9 in. x g in. or 14 in. X 9 in., with an outer grating 
and an inner adjustable register. 

To prevent ingress of poisonous gas into a factory it will 
generally be found necessary to block up all the ordinary 
ventilators and to introduce a special intake fan which draws 
air through a gas purifier and smoke filter. 

Attempts at making a factory reasonably gas proof would 
fail were the extractors in the natural ventilation system located 
too low. Indeed, for the efficient functioning of such a system, 
the extractors should be at the highest points and the inlets 
at the lowest points. The intake fan should have a capacity 
greatly in excess of the normal capacity of the extractors, with 
the object of prodiuung, if possible, a plenum within the factory, 
so as to minimise the in-leakage of gas from the exterior. 
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Mechanical Ventilation 

(a) Extract Systems. Where the jjroblein is one of removing 
smells, steam, smoke or noxious fumes, extract vcmtilation is 
normally provided, and two such systems iirt^ indicated in 
Figs. 290 and 291. The only satisfactory way of dealing with 
such systems is to insert in the intake chamber a large gas 
purifier and smoke filter, coupled to an intake fan of suOicient 
capacity to keep the interior of the factory under a .slight 
pressure above the normal atmospheric pressure. 




Fig. 29o,*“-Fxtract ventilation in 
factories. 
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Fig, ioi." -"Meeluinical venliluikm 
in factory by ineinw of inlet 
plenuJti. 


Where positive extraction is employtsl it will normally be 
desirable to shut down the extract system entirely and to rely 
upon leakage of air through the structure owing to the increased 
pressure in the interior, thus greatly minimising the danger of 
ingress of poisonous gases from the outside. 

(6) Inlet Systems. An inlet system is one in whicli air is 
delivered into the room or building, being warmed in winter and 
generally filtered or washed; such a system is illustrated in 
Fig. 291, which gives a typical arrangement of a plenum over¬ 
head ventfiating system. 

Such a system, with no positive means of extraction, is usually 
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confined to the warming and ventilation of large spaces such as 
factories, for which purpose it is one of the cheapest methods. 
It is usually designed to give not less than four air changes per 
hour and the ingoing air temperature is normally limited to 
120° F. The air heater batteries may utilise steam, hot water, 
•gas or electricity, but for economy of fuel in winter a re-circula¬ 
tion damper is generally included, by means of which the air 
from the building can be returned for reheating. 

Purifiers and arsenical smoke filters should be inserted in the 
fresh air inlet ducts, in order to ensure that the new supply of 
air admitted into the interior is free of poisonous fumes. 

(c) Combined Inlet and Extract Ventilation .—In all cases 
where vigorous ventilation is especially desirable in any 
particular industry, a combination of mechanical inlet and 
extract ventilation is normally adopted; such cases include 
cinemas, theatres, large assembly halls, and factories in which 
the occupancy is concentrated. The volume of air per occupant 
is often laid down by the licensing authority ; thus the L.C.C. 
call for a minimum of 1,000 cu. ft. per hour per occupant in 
places of entertainment, but frequently double this amount may 
be necessary where noxious fumes are produced in a factory. 
The air is normally first drawn through a washer which serves 
the dual purpose of cleaning or washing and of introducing a 
certain amount of additional moisture when occasion demands. 

For use in an emergency a gas purifier and smoke filter 
should be inserted so that the air entering the factory is free of 
poisonous fumes. The extraction fan connected by duct work 
to the extraction grilles generally handles 75 per cent, of that 
introduced by the plenum plant, the surplus escaping by means 
of exits, etc. 

During an emergency when a gas attack may be expected, it 
would be desirable to shut down the extract plant altogether, 
and rely upon the escape of the vitiated air through the air 
leaks in the structure itself. On the other hand, extraction of 
fumes over machines may have to be continued, and in this case 
it may be desirable to increase the capacity of the inlet fans. 

Each case requires to be dealt with on its own merits, and a 
special gas filtration expert should preferably be employed. 

{d) Air Conditioning. Air conditioning is a highly specialised 
form of ventilation, involving the provision of the desired 
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temperature and humidity in the atmosphen; in factories. In 
certain industries air conditioning is essential. It may com¬ 
prise an air wa.sher and tlie ImmicIilitT in wliieii the air supjrly 
is washed in sprays of water, the fvw moisture Ixung rtunoved 
by eliminator plates ; a prelieater and a main htsiler by wliich 
the air is warmed in winter, the former ht‘ing Indore uiul the 
latter after the washer; a fan for delivering the air to the 
building through ducts, and a .siicond fan for removing tlu* 
exhaust air. Humidifiers may be employed in the nuiin 
system or locally as the jrarticular industry demands, but in 
each case under emergency conditions when a gas attack is to 
be expected the gas purifiers and smok<! filters should he 
introduced into the circuit at the inhd of fresh air to the system. 
Extractions should be .slowed down or st(»pped ultogidher if this 
is possible, in order to ensure a (ielinite jilenum within the 
building. 


Boiler Plants 

In boiler plants, where a considerable amount of air is 
required for combustion in the furtiaces, special pi'oblems ari.se. 

(а) Natural Dmiighl. Stokers who are r<H[uired to attend 
the operation of boiler plants during or immediately after a gas 
attack should be provided with blast and splinter protection 
as indicated on pp. 38, 211 d seej. 'I'hey should also l)C! 
provided with gas masks of the most eiheient service pattern 
and, as the natural draught into the boilers cause.s a very 
considerable inrush of air into the stokehold from the outside, 
special provision should be made to seal up all the normal inhds 
and to substitute for them a large intake fan which will be 
provided with gas purifiers and smoke filters. Its capacity 
should be at lea.st 50 per cent, higher than that normally 
required for combustion purpo.scs in order that there may be a 
definite plenum in the stokehold. Thi.s will also, of course, 
involve careful adjustment of dampers in order to provide 
proper conditions for combustion in the furnace. 

(б) Induced Draught. In the case of induced draught being 
used, the same problems arise, but perhaps tlie difficulties are 
aggravated. The only safe method is to use a large intake fan 
to deal with the ventilated air for the stokehold and also the 



AIR RAID PRECAUTIONS IN FACTORIES 641 

air required for combustion, adjusting the speed of the extract 
fan to suit the new conditions. It is always desirable to have a 
plenum in the areas to be occupied by personnel in order to 
minimise the inleakage of gas. 

(c) Forced and Induced Draught. When both forced and 
induced draught are combined in modern boiler plants it would 
be desirable to ensure in every case that the forced-draught 
fan draws in supplies of fresh air from the exterior by means of 
trunking. The stokehold can then be independently ventilated 
by an inlet fan provided with gas purifiers and smoke filters so 
as to create a small plenum in the stokehold. 


Explosives 

Explosive materials used in factories, such as raw materials 
used in the manufacture of cellulose paints, mixtures used in the 
capping of matches and other explosive substances, should 
preferably be stored underground in isolated protected build¬ 
ings. The roofs should be such as to prevent the penetration of 
incendiary bombs and, where necessary, explosion vents in the 
form of light timber glazed lantern lights should be installed 
with a view to permitting the harmless escape of the products 
of combustion in the event of an explosion or of fire. 

The precautions usually adopted in the storage of films in film 
studio premises could well be adopted for the emergency 
storage of explosive materials, but the policy of having the 
minimum amount of material in process should be followed 
rigorously with a view to keeping the main storage as remote 
as possible from occupied buildings. 


Fuel Oil Storage 

The same remarks apply to the storage of fuel oil, which 
should be in bulk underground in protected accommodation as 
remote as possible from the heating furnaces or process equip¬ 
ment in which it is used. Oil pipelines leading from the bulk 
stores to the small cistern usually installed near the places of 
distribution should of course be protected as outlined below 
and provided with isolating valves, which can be quickly shut 
off on receipt of an air raid warning. 



643 


CIVIL DEFENCE 


Inflammable Gas 

Escapes of inflammable gas, sixch as coal gas, hydrogen or 
other mixtures used in manufacturing jxrocesses, are obviously a 
source of danger and might result in explosions were the 
supply from the main storage not cut off immediately, Herts 
again the main storage shoukl be tirriinged to be :is rcsmote as 
possible from the occupied buildings, and :is gas httlders are not 
easily constructed below ground, in protected premises, it 
might be desirable immediately on receipt of ati air rtiid wiirning 
to allow the material harmlessly to escape, thus minimising tlie 
danger on the commencement of a raid. 

Domestic Fires, Industrial Furnaces, etc. 

On receipt of a warning it is desirable always to tinench all 
domestic tires and furnaces used in industrial operations, as if 
they are allowed continuously to burn tluiy induce dangttrous 
currents of air up tlie chimney, thus creating a <k‘pression in the 
atmospheric pressure in the inside of the building and drawing 
in any poison gas that may be in the vicinity. Apart from this 
the danger of fire in partial demolition of the biiikling is 
materially increased, especially where the roof or ilooring 
construction over is in timber or similar inflammable material. 

Steam Services 

It is obvious that high pressure steam .services are very 
vulnerable to damage and if damagcnl might cause serious 
confusion and injury, if not a dangerou.s explosion. On receipt 
of a warning, all supply stop valves should be shut down in tlie 
boiler house and measures taken immediately to reduce the 
pressure on the boilers witliout blowing of large volumes of free 
steam into the atmosphere if this can be avoided. 

Methods of protecting steam plants and distribution pipe 
lines are dealt with hereafter. 

Petrol 

In factories, where it is customary to store small local supplies 
of petrol in tins it is desirable to introduce the bulk system of 
storage in underground tanks, constructed in accordance with 
the regulations. 
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Except in the case of a direct hit or of leakages caused 
through earth tremors such tanks do not present any undue 
hazards, but it is undesirable to site underground shelters near 
them. 

Stores of Acids 

In industrial plants it is not uncommon to store acids in 
carboys in various open spaces immediately adjoining the 
workshop. Such a practice should be discontinued and the 
concentrated acids should be placed in fireproof stores, so sited 
that in the event of the carboys being broken the acid would 
not flow by gravity to any position where it may be a source of 
danger, such as into a shelter, or across a roadway or passage. 

Buildings in which dangerous acids are stored should, 
therefore, be surrounded by a paved concrete area with a 
raised kerb all round, providing a container of sufficient depth 
to hold the complete storage of the corrosive liquid. 

Dangerous Materials 

Dangerous materials like ammonia and SOj, used in refrigera¬ 
tion plants, and inflammable materials, like benzine, used in 
dry cleaning plants, and oil used in paint manufacture should 
be protected similarly. 

High Tension Electric Supplies 

In many establishments in this country the electric supplies 
are taken from the extra high tension cables which pass over¬ 
head to transformers established on the premises. It is 
obvious that such exposed high tension wiring is a source of 
danger, especially when there is possibility of water being 
sprayed on to a fire. In such cases it would be desirable to 
arrange with the electric supply company, where possible, to 
divert the extra high tension cables or to arrange for the 
section to be completely cut out in the event of an emergency. 

Electric supplies from private generating stations in the 
factory premises are more easily controlled and the precautions 
to be observed are dealt with elsewhere. 

There is no doubt that it is preferable to install a stand-by 
emergency plant, and this should have a capacity sufficient to 
deal with essential services in the factory and should of course 
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be located as far remote from tlie normal generating station us 
the exigencies of the site will permit. 


Motor Transport Vehicles 

The planning of an indu.strial garage in cIo.se proximity to the 
occupied buildings is not unusual, and where such an arrange¬ 
ment exists it will be desirable to empty all petrol tanks to an 
underground bulk storage when tlie vehicles an; parked. In 
the case of new factories, of course, the garage which normally 
has hazardous fire risks should be locatetl as remote from 
the manufacturing premi.ses as is convenient. 

Water Supply 

There is no doubt that in major operations in the air involving 
attack on civil communities and industrial establishments there 
will be a phenomenal demand upon water supplies for tire 
fighting purposes. Sprinkler installations with alternative 
sources of supply from overhead tanks are very vulnerable to 
damage from air raids and water pressure on mains is likely to 
be seriously affected by the demand in the neighbourhood. 
For that reason it is desirable that a large reserve supply of 
water is arranged for and where possible the installation of 
automatic and chemical lire extinguishers should be arranged 
on the maximum scale. 


PLANT PROTECTION 

The " s])lint(:r-proofmg ” of vital plant in factories during 
aerial bombardment is of the greatest importance if production 
is to be resumed without inordinate delay apart from direct hits. 

Hazards arising in aerial attacks are set down in the table 
LXVIII on p. 240 in ascending order of importance and 
severity. The table also indicates the various degrees of 
protection, how they can be obtained, and the approximate 
ranges of cost per person accommodated. 

The protection of power plants, generating stations and vital 
services in industry against direct hits involves in most cases a 
prohibitive expenditure of capital, and would involve the almost 
entire reconstruction of power houses. It is much more difficult 
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to prescribe satisfactory measures for existing plant than to 
design an entirely new one. To secure protection for new plant 
against the hazards of aerial bombardment, the usual spacious 
arrangement accommodated in a lofty building of normal 
construction would have to be replaced by an exceptionally 
compact layout, accommodated partly underground or at 
least covered with a strong reinforced concrete structure pre¬ 
ferably of parabolic arched construction or conical in shape. 

A convenient arrangement would be to use two shells of 
reinforced concrete, the space between them being utilised for 
the accommodation of auxiliary water tanks, storage of coal, 
air passages, connecting galleries, etc. 

The construction of barrier walls at frequent intervals 
throughout the plant would be necessary to localise the damage 
from direct hits. The entire omission of windows would also 
be a necessary condition and the use of artificial light and forced 
ventilation would therefore be essential. 

The whole problem is beset with many difficulties, because 
auxiliary items of plant, such as draught fans, mechanical 
stokers, pumps, etc., would need to be duplicated and located 
in positions as remote as possible from each other, so that in 
the event of one being put out of action the standby plant could 
be utilised. The provision of bomb shelters for the operating 
staff is also a necessity. 

Remote control of the plant from a bomb-proof shelter is also 
desirable, but the protection of the plant itself is of considerable 
importance and presents the greatest difficulty. There is no 
doubt that most power plants are exceptionally vulnerable to 
damage from direct hits, but the provision of Class 5 protection 
is by no means an impossibility. It is usual to place coal 
bunkers in front of the boilers and not immediately above them, 
but there is no reason why the latter alternative should not be 
adopted, as this will automatically provide very considerable 
protection against splinters and falling fragments of anti¬ 
aircraft shell. The safe depth to which the coal can be stored in 
the bunkers oyer the boilers would depend mainly upon the 
choice of fuel. In most cases, however, it would be quite safe 
to allow for a depth of 30 ft., for there would be little difficulty 
experienced through the heat from the boilers themselves, 
providing lagging is suitable and there is a certain amount of 
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ventilation between the top of the boilers and the underside 
of the bunkers. 

The provision of adequate resistance to the penetration of 
splinters in new buildings to accommodate vital {ilant can easily 
be arranged, but in existing buildings the problem usually 
resolves itself into the protection of window openings. ‘I'he 
construction of sandbagged walls or supplenientary walls 
round the building.s would not be desirable nor necessary, as it 
would be an advantage to retain the use of tlie windows until 
the last moment. For this reason tlie author recommends the 
use of mattresses of metal wool, 4 in. thick, hung over the 
window openings generally as shown in Fig. 2'/o. lilankets made 
of steel wool, 4 in. thick, weigh about i lb. per scp ft. and may 


m nm mm 
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292,“—Spring «uspcnsu)n ftir nictal wocil fe»tot:>iuxl 

over vital plant for protection agairmt fragmontH of A.A. shell. 


be made up and stored against an emergency, so that if the 
brackets are fixed on the outside of tlie buildings over tlie 
windows as shown on the .sketch the mattresses could be lumg 
up in the event of hostilities breaking out. 

The fact that the mattresses are hung loo.sely in front of the 
window enables them to recede in front of the advancing blast 
wave and thus stop most splinters impinging upon them. 
Heavier splinters which may come from a more di.stant bomb 
may perforate the mattresses, but experience shows that most 
of the energy of impact is already spent and the splinters are 
not so likely to cause damage to vital plant accoimmodated 
within the building. 

Apart from the provision of solid protection as already 
enumerated on p. 38, the author knows of no better means of 
arresting flying splinters than by the use of some such mattress 
as indicated in Fig. 271. For the same reason the splinter- 
proof protection of high-prc.s.sure boiler plant and electrical 
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machhie.s, transformers, etc., can be effected by the use of a 
(ntvering of mattresses of rnetal wool attached to roof trusses or 
the like with spring suspensions, generally as shown in Fig. 292. 
By tliis aitaiigenieiil the metal wool mattresses would festoon 
between the light angle supports under each of the roof trusses 
and as these supporis them.selves are on .spring suspension, 
tliere would be little or no possibility of getting a splinter or a 
fragment of anti-aircraft shell through the roof and through 
the mattresses with sufficient velocity to do any damage on 
electrical machinery below or on high-pressure boilers. 

For interior use steel wool would be .satisfactory; when the 
mattres.ses are made up tliey can be preserved against rusting 
by dipping them into boiled linseed oil or varnish, which forms 
an elastic waterproof skin on the fibres of the steel. 

LOCALISING SCREENS 

For localising the Effects of Bomb or Shell Explosion 
{Patent applied for) 

[R. White & Sons) 

This is a screen or curtain made of heavy steel ropes laid 
horizontally, and bound together by flexible vertical ropes, as 
shown in Fig. 293, which shows a screen 10 ft. sq. 

The liorizontal ropes may be old colliery winding ropes of 
lock coil construction, made from solid steel wires throughout, 
without any hemp core. The individual outer wires are locked 
together, so that broken strands cannot get loose. They are 
made of high tensile .steel of about 120 tons per sq. in. tensile, 
thus offering effective resistance to the cutting action of shell 
splinters, whilst the inertia of the weight of the ropes them¬ 
selves gives effective damping to shell blast. 

When not required each screen is wound up round a steel 
tube, out of the way. 

The weight of a screen 10 ft. square when made from steel 
ropes I in. dia., with spaces of i in. between, is about 15 cwt. 
or 17 lb. per sq, ft. 

If made of ropes in. dia., with ij in. spaces, the weight 
would work out to about 22 cwt. or 25 lb. per sq. ft. 

If the ropes are in. dia., with in. spaces, the weight is 
about 30 cwt. or 33 lb. per sq. ft. 
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Estimatici) Costs 

If made from | in. diameter .secondhand Lang’.s Lay Ropes, 
with about f in. opening between r()jK‘.s, with luw flexible 
vertical rope.s, J in. diameter, .spaced 12 in. ajxirt: 4.S. ()d. per 
sq. ft. or 4.9. ‘^d. per sq. ft. for large quantitie.s. 

Price per net 10 ft. scp . . each £2.} 15 o 

Or for large quantities . . ,, £21 5 0 

Total weight of screen about 9 cwt., or about i r Ih. j)er scp ft. 
If made from | in. diameter .secondhand Lang's Lay Rope.s, 
with about I in. opening between ropes: 5.9. per wp ft., or 
4s. 6i. per sq. ft. for large quantities. 

Price per net 10 ft. sq. . . , each £25 0 0 

Or for large quantities.£22 10 o 

Total weight of screen about ii cwt., or about r2| Ib. per 
sq. ft. 

If made from i in. diameter .secondhand Lock Coil Colliery 
Winding Ropes, with about i in. opening between the hori¬ 
zontal ropes, and New P'lexible Vertical Ropes, i in. diameter 
spaced 12 in. apart: 5s. bd. per scp ft., or 5.9. per sq. ft. for 
large quantities. 

Price per net 10 ft. sq. . , each £27 10 o 

Or for large quantities, . . ,, £25 0 o 

Total weight of screen about 15 cwt., or about ry lb. per wp ft. 

If made from New Lock Coil Guide Ropes, r in. diameter : 
IIS. per sq. ft., or los. (id. per sq. ft. for large quantities. 

Price per net 10 ft. .sq. . . . each £55 0 o 

Or for large quantities. £5210 o 

Total weight about 15 cwt., or about 17 lb, per sq. ft. 

If made from secondhand Lang's Lay Rope, i in. diameter : 
5.9. per sq. ft., or 4s. bd. per sq. ft. for large quantities. 

Price per net left sq.. . . each £25 0 o 

Or for large quantities.£22 10 o 

Total weight about rr cwt., or laj Ib. per s<p ft. 

If made from ij in. diameter secondhand Lock Coil Colliery 
Winding Ropes, with an opening of about in. between the 
ropes: 6s. per sq. ft,, or 5s. bd, per sq. ft. for large quantities. 
Price per net 10 ft. sq. . . each £30 0 o 

Or for large quantities . . „ £27 10 o • 

Total weight of screen about 19 cwt., or about 21J Ib. per 
sq. ft. 
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If made from New Lock Coil Guide Ropes, i| in. diameter ; 
125 . gi. per sq. ft., or 125. 3^. per sq. ft. for large quantities. 
Price per net 10 ft. sq. . . each £63 15 0 

Or for large quantities . . „ £61 5 0 

Total weight of screen about 19 cwt., or about 2i|- lb. per 
sq. ft. 

If made from secondhand Lang’s Lay Ropes, in. diameter : 

55. 4^. per sq. ft., or 45. lod. per sq. ft. for large quantities. 
Price per net 10 ft. sq. . . each £26 13 4 

Or for large quantities . . „ £24 3 4 

Total weight about 14 cwt., or about 15I lb. per sq. ft. 

If made from in. diameter secondhand Lock Coil Colliery 
Winding Ropes, with about ij in. opening between ropes: 
65. 6 d. per sq. ft., or 65. per sq. ft. for large quantities. 

Price per net 10 ft. square . . each £32 10 0 

Or for large quantities , . . „ 30 0 0 

Total weight about 22 cwt., or about 25 lb. per sq. ft. 

If made from New Lock Coil Guide Ropes, in. diameter : 
14s. 2d. per sq. ft., or 13s. Sd. per sq. ft. for large quantities. 
Price per net loft. sq. . . each £70 16 8 

Or for large quantities . . „ 68 6 8 

Total weight about 22 cwt., or about 25 lb. per sq. ft. 

If made from secondhand Lang’s Lay Ropes in. diameter : 
5s. gd. per .sq. ft., or 55. $d. per sq. ft. for large quantities. 

Price per net 10 ft. sq. . . each £28 15 0 

Or for large quantities . . „ 26 5 0 

Total weight about 16 cwt., or about 18 lb. per sq. ft. 

All delivered F.O.T., Works Sidings, Widnes. 

Blast 

The protection of vital plant against the effects of blast is a 
more difficult matter, but if the protecting building is of the 
reinforced concrete framed design there should be little danger 
of damage or complete collapse of the building when subjected 
to blast pressure. The installation of automatic shut-off and 
isolating valves for use in the event of a sudden pressure drop 
on the plant side due to failure of pipes, etc., is recommended 
for consideration as an A.R.P. measure. 

In water supplies, burst pipe valves which automatically 
close in the event of a main suddenly drawing off an abnormal 
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flow of water should also be installed near the reservoir or 
pumps, in order to minimise the danger of flooding in t in* event 
of damage by bombardment. Hurit'd higli-voltagt! eal)I(>.s 
become a source of danger in the event of fracture or flooding 
during a bombardment, but short of eonstnu-ting specially 
heavy arched covers there appears to be no ready method of 
protecting them. 

High pres.sure steam pipes, water mains, etc., curried in tlie 
open are very vulnerable to damage by splinters, and the 
writer therefore recommends the aclojition of soine such 



14.'-"''Splinter protectic»ii for expoHecl prennuri* luiuim, 

arrangement as is shown in Fig. 294. 'fhe strength and stiff¬ 
ness of the pipe supports will need consideration before tlic 
extra load due to the mattresses is applied and, in tfje case of 
steam pipes, the clamp will need, of course, to be kept outside 
the lagging in order to prevent loss of heat by radiation, which 
would otherwise be considerable. 

Industrialists and (uiginccrs in charge of power station.s must 
give serious attention to this matter of the profcciion of vital 
plant during aerial bombardment, as in most cases the shutting 
down of the plant would be nothing more or less than capitula¬ 
tion in advance, the maintenance of the services being vital to 
the defence of the civil population. 



CHAPTER XVI 
COSTS OF PROTECTION 

It will readily be realised that local circumstances may have 
a dominating influence upon the cost of providing any required 
degree of protection for the civil population, but for the con¬ 
venience of the reader and at the risk of considerable criticism 
the author gives in Table CXV, on pp. 652 et seq., estimates 
of cost of the various types of shelter illustrated in this volume. 

In arriving at the capacities, both “ normal ’’ and " crush,” 
the minimal results of calculations based upon the data given in 
Table CXIV below for sealed shelters unventilated have been 
utilised. 


Table CXIV 


Normal Capacities of Sealed Shelters. 
75 sq.. ft. total per person for 3 hrs. 

—™0'86 cu. ft. per person per min, 

ICO sq. ft. total per person for 12 hrs. 
—O’29 cu. ft. per person per min. 

Normal Capacities of Ventilated 
Shelters. 

6 aq, ft, floor space per person. 

—150 cu. ft. per person per hour, 
or 21 cu. ft. per person per min. 

Open Shelters with Omipants wearing 
Gas Masks. 

Normal. 

6 sq, ft. floor space per person. 


Crush Capacities of Sealed Shelters. 

Occupation for i hr. 

3isq.ft, floor area. 

—0’2 cu. ft. per person per min, 

30 sq. ft. total surface per person. 

Crush Capacities of Ventilated 
Shelters. 

3 J sq. ft. floor space per person. 

20 sq. ft. total space per person 
—1 cu. ft. per person per min. 

Open Shelters with Occupants wearing 
Gas Masks. 

Crush, 

3 sq. ft. floor space per person. 


Two children under ten years of age counted as one adult. 


The estimates of cost have been taken out in detail based upon 
the ruling prices of labour and material in the London area at 
the time of going to press, and although local exigencies may 
influence actual costs, the estimates afford a reasonably safe 
basis for comparison. 

The accommodation is based upon Table CXV and the 
costs are worked out on a per capita basis for the protective 

65 * 
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works liiiishecl completely by contract, ;uul also for materials 
alone^—assuming the work is carried out by voluntet'r labour. 

The reader will no doubt be struck witli the div<!rsity of the 
results but reference to the illustrations, referred to by figure 
number in the table, will show that they covt-r a wide range of 
constructions and give various degretts of protection. 

The summarised figures given in TabU* CXVl will be 
found of use in approximate estimates for largt; scale wt»ik.s. 


TABI.K CXVl 

Approximate per capita Costs at " Nokmai, " CAPAcitiiis 


♦Eire protection 
IGas protection . 

Gas and fire 
Splinter protection . 

Gas, fire and splinter protection 
Light bomb, fire and gas . 
Medium bomb, „ „ 

Heavy bomb, „ „ 


CampJrtt?. 


Mitttridi (itily 


£ 

2 

I 

4 

5 

4-20 

40-60 


1 

0-5 

1-5 

2 

3 

2-11 
g iH 
24-36 


* Includes fire protectiun of shelter only-- not fireproof clothing or the 
protection of |>roi')erty. 

f Includes gas-proofing of shelter only—not masks or clot lung. 

The range of costs given in each case covers variations in the 
design of shelter and it will be seen that the cost of providing 
materials only for the most meagre protection to the ctiuiplcte 
cost of full protection against heavy bombs covers a 120-fold 
increase from los. to £60 per capita. 

To provide full bomb-proof protection to the forty-five 
million urban population in this countiy would involve an 
expenditure approaching 2,700 millions sterling and it would 
require the imagination of an H, G. Wells to visualise? a fully 
protected city. 

Finance 

On p. 157 will be seen a table showing the probable daytime 
distribution of the whole urban population of the country both 
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before and after evacuation. It would therefore appear that 
allowing for a certain necessary amount of duplication of 
shelter accommodation, provision should be made ultimately 
for the following protection :— 


Table CXVII 



Population,. 

1 

Cost per 
capita. 

1 

Total cost. 

Pnncipal danger zones requiring 
shelters proof against heavy 
bombs ..... 

4,000,000 

^3° 

;£I20,000,000 

(Allowing for 33J per cent, addi¬ 
tional accommodation for use 
before evacuation.) 

Medium danger zones requiring 
shelters prool against small 
bombs ..... 

20,000,000 


1 

;£200,000,000 

Outskirts ofknvnsnaiuimigsplinter- 
proof protection 

8,000,000 

£5 

;^40,000,000 

(Allowing 1 4 ]Xir cent, additional 
accommodation.) 

Rural districts requiring no special 
protection .... 

15,000,000 

_ 


TOTAL POPULATION FOR 
WHICH SHELTER ACCOM- 
MOD A TION IS NEEDED . 

32,000,000 


£360,000,000 


It is probable that a fair percentage of shelters, especially 
of the light bomb and splinter-proof type, can be provided by 
the adaptation of existing premises, thus reducing materially 
the total cost of new work. Against this saving has to be set 
the costs of transportation, temporary housing and general 
provisioning of the evacuated population. 

On the whole, therefore, a total national expenditure approxi¬ 
mating 300 millions sterling will be incurred in the adequate 
passive defence of the civil population of the British Isles. 

That this expenditure shall be as productive as possible it 
will be necessary to ensure that the highest possible proportion 
of shelters axe constructed for the dual purpose of some peace¬ 
time use and the assurance of protection in emergency. 

Public money will be expended as well as a great deal of 
private money, but the very nature of the construction will 
render shelters less vulnerable than ordinary buildings in air 
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raids, and investment in them ought therefore tc} be " mjer than 
Bricks and Mortar.” 

Banks, building societies, insurance companies and other 
investing cori)oratious ought in the national interests to 
facilitate the loan of capital for protective works and buildings 
provided with shelter accoimnodation, whicli ought to carry an 
appropriately increased valuation. 

Well-thought-out and .souiuily constructed shelters should 
command high valuations for mortgage i)nri)o,ses, but valuer.s 
dealing with structural A.R.P. schemes will need to keep the 
accepted principles of protection well in miml. 

The estimated expenditure of 300 millions wouhl be spread 
over the construction period, which the author would estimate 
as four years for the e.ompl(d<‘<l national scheine. This repre¬ 
sents an annual charge of io.s'. per head of population of the 
whole of the British Isles per annum for tlie ” lunir Year I’lan ” 
—only 25 per cent, of the peace-time annual pei' capita 
expenditure on the armed forces. 

The War Risk—Insurance 

The steady growth of insurance business gfuei'ally evidences 
the fact that the public are coming more and more to realise 
that insurance is the best individual contribution to the 
lessening of the risks aiul uncertainties of modern civilisation. 

Insurance companies have never inttmded to cover war 
risks and to make the position (piite clear to policy holders have 
sent out a notice to the effect that the exclusion of the risks of 
war has been agreed to by the Insurance Companies g<‘nerally, 
who have come to the conclusion tliat these risks are not 
proper subjects for insurance. 

It had been suggested by jiroiw^rty owners that the risk might 
be covered 

(a) by some sort of insurance; 

(b) by a mutual pooling scheme ; and 

(c) by a Government scheme. 

{a) In any kind of insurance the first problem is to calculate 
a premium and the first difficulty that presents itself is the 
impossibility of estimating with any degree of accuracy the 
probable damage to property in this country in the event ol 
war. 
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Again it is not possible to foretell how soon hostilities would 
commence. 

Thus no safe foundation exists upon which actuarial calcula¬ 
tion can be based and to make a guess at the premium would be 
nothing short of gambling. Even if a premium were set at a 
prohibitively high figure the reserves accumulated would not 
be sufficient to cover the risk adequately were war to break out 
within a few years of the inception of the scheme. 

It would therefore appear that insurance against war,risks 
at the present time is an impossibility. 

(&) Some sort of insurance against or compensation for 
damage done in war can be effected by means of a mutual 
pooling scheme and a company has been formed with this 
object in view. 

Even if the country enjoys many years of freedom from 
damage by war it would appear that unless this scheme were 
operated on a nation-wide basis, early losses of unknown 
magnitude might easily wipe out all reserves. 

(c) As to insurance by the Government, the President of the 
Board of Trade stated on May 4th, 1937, that after a careful 
review of all the circumstances the Government had reached 
the conclusion that no scheme of insurance of property in this 
country against war risks on land would be appropriate to the 
conditions of a future war so far as they could be foreseen. 

The National Federation of Owner-Occupiers and Owner 
Residents Associations have however put forward proposals 
which would seem to merit serious consideration :— 

(1) They would welcome a scheme of compulsory insurance 
from the point of view that everyone in the country would 
contribute to the common insurance pool. 

(2) Any scheme decided upon should not involve the Govern¬ 
ment in setting up a new Department, as the cost of administer¬ 
ing the scheme should be bprne by the policyholders. 

(3) The Government should grant a special Charter to one 
Mutual Insurance Corporation on terms which would prevent 
it making profits, and its administrators should be men working 
for honour and the good of their feUows. The staff would, of 
course, be paid. The premiums could be collected through 
existing insurers. 

(4) All monies of the Chartered Corporation would be 
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invested only in (lovermnent Sceurilies. Solvtnicy would l)e 
thereby ensured during times of pciuce, and the fund available 
to the Government would have many benefits which a Chan¬ 
cellor of the Kxchetpua- would appreciate. 

(5) Should war occur and the funds of the Chartered 
Corporation prove insufficient to inetd claims, the Govtnnment 
guarantee would enable it to borrow to :iny amount to meet 
claims, and as premiums would still continue, repayment of 
loans would be assured. The Government, presumably, would 
have to find the money for comiumsalion if there were no 
insurance, and it is therefore reasonable to state that by the 
scheme of insurance the Government's position would be 
bettered. 

Air Raid Shelters—Rates and Taxation 

Under the present state of the law valuation officers are 
obliged to bring to the notice of local assessment committees 
any improvement in value of projx'iiy brought about by the 
construction of air raid shelters, and as a result public-spirited 
landlords and owner-oc;cui)ier.s who engage in the provision of 
shelters at the urgent behest of the Home Office are likely to 
be penalised through increased assessments to Income Tax 
under Schedule A and in increased rates. 

It cannot be thought that this is the serious intention of the 
Government and as the Ministry of Healtli has no power at 
present to interfere, appeal should be made to the local 
assessment committee. 

It is true that Sir John Simon, Chancellor of the Fxchcqia'r, 
said in the House of Commons on May 26th, 1938, that he 
would not tax " improvements, additions, or alterations " made 
to a house or factory to provide air raid shelters. 

No increased assessment under Schedule A will be made 
where these domestic precautions are taken. Where a .shelter 
is built specially by public authorities it will not be assessed for 
income tax. A special Act of Parliament will order rating 
authorities to give equal exemption from their assessments. 

But in the languag<( of the statutes such “ alterations, 
additions, or improvements ” will escape increased tax and 
rates only if they are provided " solely for the purpose of 
protection in the event of air raids." 



COSTS OF PROTECTION 


66 i 


A peace-time utilisation of an air-raid shelter might therefore 
render the “ addition or itnprovement ” liable to taxation. 


EVACUATION 

Evacuation necessarily forms an important part of and 
general scheme for passive defence and the French plans are 
worthy of consideration. 

In 1936 the French Government issued a handbook on 
evacuation, and the following extracts and notes are of 
interest. 

There is no doubt that the orderly and methodical execution, 
at the time of need, of a plan of evacuation which has been 
carefully prepared in every detail during peace time is calcu¬ 
lated to save a great number of human lives. Such a result 
makes it worth while to make every effort to prepare such a plan, 
in spite of all difficulties that may be encountered. The general 
scheme proposed by the French handbook recommends:— 

" (i) All persons who will leave the town voluntarily should 
be encouraged to do so. 

“ (2) Permanent evacuation of the people unimportant from 
the military or administrative point of view into the 
country districts. 

“ (3) Evacuation of people whose relatives must reinain in 
the town, to places nearby. 

" (4) Nightly evacuation of people who must work in the 
town. 

'* (5) Shelters to be provided for all people who must remain 
in the town. 

" These plans must be formulated by the mayor of the town, 
and he must arrange with the local authorities of the villages 
how many refugees each village can accommodate. The order 
for evacuation will be given by the Government before they 
issue the order for the mobilisation of the armed forces, 

" It is proposed that each person should have an evacuation 
ticket at the outbreak of a war and these tickets are already 
printed. 

” Such a ticket would read as follows ;— 

“ ‘ Mr. X. is instructed to take the 8 p.m. train this 
evening from the Gare du Nord for Amiens. He is to take 
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with him his wife and four children, travelling in seats 
Nos. 37--42 inclusive.’ 

In this country detailed arrangenieiits art; now made and 
Sir Samuel Hoare, in the House of ('ommons on June ist, 
1938, (>x'j)lain(!d that tiinc-table.s had Ijeen wfU’ked out to move 
3,500,000 people by rail fifty miles from London in seventy-two 
hours, without train tickets. Normally, {leople will not aban¬ 
don their homes except from proved nece.s.sity, and in Barce¬ 
lona, during the bombing, the population was said to have 
increased by over 20 per cent., due to the* influx of refugees 
seeking food supplies. Hunger appeals to have Imni regarded 
a greater peril than that from the air. Evacuation is 
obviously a more effective pas-sive measure tlian the pruvisiou 
of shelter accommodation but comi>lete evacuation i.s not 
possible. 

It would probably be safe to assume that all chiklren under 
the scliool-lcaving age, babies and their motliers, old people and 
invalids, amounting to about 25 per cent, of tht; urban popula¬ 
tion, could be permanently evacuated to areas retpuiing no 
special protective measures. 

All specially dangerous locations might also be vacated 
except for a permanent cadre of key men, tluis possibly 
accounting for another 10 per cent, of the population. 

The central zones of cities and areas near military objectives 
would need the highest degree of {irofcction and the outskirts 
splinter-proof protection. 

The difficulties attendant upon evacuation would cause 
Table CXVIII 

Approximate Day-time DisTKiiuiiToK op Urban Popui.ation 

Bpfart Afl«r fvactiiitiwi. 

Principal danger zone.s . i3,oof),ooo 3,000,000 

Medium danger zones , 22,000,000 2o,()()0,o<jo 

Outskirts of towns . . 10,000,000 7,000,000 

Rural districts . . Nil 15,000,000 

45,000,000 


Totals 


45,000,000 
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delays in its execution and it would therefore be necessary to 
provide shelter protection on a crush capacity basis for larger 
numbers at the outset. 

It would consequently appear that the distribution of 
the urban population would be adjusted in an emergency 
somewhat on the lines indicated on p. 662:— 

At night times a large proportion of the population in the 
principal and medium danger zones would move to the suburbs, 
thus necessitating the provision of duplicate shelter accom¬ 
modation for it. 


OUTLINE OF THE BRITISH GOVERNMENT’S EVACUATION 

SCHEME 

H.M. Government has made a scheme for the removal of 
children and certain adults from congested areas should the 
country be threatened with war. The County of London and 
the neighbouring Boroughs of Acton, Barking, East Ham, 
Edmonton, Hornsey, Ilford, Leyton, Tottenham, Walthamstow, 
West Ham and Willesden are the areas to which the undernoted 
arrangements apply. 

The London County Council and the Councils of the Boroughs 
mentioned above are making the arrangements in London on 
behalf of H.M. Government, and the Government is taking 
responsibility for all matters of policy and for the arrangements 
in the Areas to which children and others will be sent. 

The plan depends for its success on the help which all citizens 
can give. 

For whom are the Arrangements being made ? 

(1) For school children whose parents wish them to go. This 
applies to all school children, whatever kind of school they 
attend. No children will be taken without their parents’ 
consent. That consent wiU be held to be given if parents send 
their children to school on a day announced for evacuation. 
If parents do not wish their children to leave London they must 
keep them at home on that day. 

(2) For children below the age of five whose parents wish 
them to go, if accompanied by their mothers or some other 
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suitable persons chosen by the ptirents, or if attached to a clay 
nursery or nursery school. 

(3) For women e.\p(!('.ting to bt; confined and who wislj to go. 

(4) For blind persons who wish to go. 

No person who is not in the chesses imnitioned al)ov(! is 
included in the scheme. It may bi^ nece.ssary to lake serious 
note of any attempt by an unauthori.sed person io join a party. 

What will there be to pay ? 

Nothing will be charged for iransjxn f. 

School children who go with their teachers will be provided 
with board and lodging and the (lovernment will pay the [leople 
in the country who accommodate the childrtin. A contribution 
towards the cost may later on be required from the responsible 
person, for c.xample, the father of the childrcni, if he cun afford 
to pay. 

Lodging only will be provided for adults and children under 
five who accompany them. Adults will be expected to pay for 
food for themselves and the children with them. A contribu¬ 
tion towards the cost of the lodging may later on he recjuired 
from those responsible, if they can afford it. 

If people find themselves without means in the Reception 
Areas, assistance will be given by the Government. 

What Conditions are there ? 

(1) Should it be neces.sary to put the.se plans into force, 
announcements will be made by radio and the press. Tlio.se who 
are leaving London will have to go to Assembly Points at times 
which will be announced. They will be organistKl into parties. 
A person or child must go with the party to which he will be 
attached and no other. All must go in an orderly fashion and 
must obey the directions of the leaders of the partie.s and the 
railway officials. 

(2) Only those will be taken who register thenmlves in the 
way described in the following paragraphs. 

Assembly Points 

The Assembly Points for school children will be the schools 
they attend, unless parents decide to send them to other schools 
as explained below. 
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The Assembly Points for children under five with their 
mothers or other responsible persons will be the schools where 
the mothers register, and should be the nearest elementary 
school to the parents' home. 

Blind people, and women expecting to be confined, will be 
informed later on of their Assembly Points. 

Registration 

School children will go with their schools accompanied by 
their teachers, if the parents wish it. This applies to every 
kind of school. In the crisis of September, 1938, many parents 
informed the school teachers that they wished their children to 
go. If this is still the parents’ wish, nothing more need be done. 
Parents who have not yet told the teachers their wishes should 
do so at once. 

If the children of a family go to more than one school, and 
the parents wish their children to be together, the parents can 
choose with which school all their children should go. Parents 
must at once tell the heads of each of the schools what their 
wishes are if they have not already done so. 

Children under five years of age and their mothers. Mothers 
wishing to go and take children under five must register, or must 
register the names of suitable persons who will be responsible 
for the children. 

Some children under five attend school. Mothers may choose 
whether they will take these children themselves, or whether 
they will let them go with the school, but they must register in 
any case. A mother cannot go herself without a child under 
five. 

Mothers who wish to go themselves with children under five 
and who have older children at school may choose whether to 
take the older children with them or to let the older children go 
with their schools, hut the mothers must register in any case. 
They should inform the head teachers of the schools of their 
wishes. 

There can be no guarantee that the parties of mothers and 
children with them will reach the same destinations as the 
school parties. Children who go with their schools will be 
provided with board and lodging ; children with their mothers 
or other suitable perspri? with lodging only. 



666 


CIVIL DEFENCE 


How to Register 

For the registration of mothers of children under five (or 
other suitable persons chosen by parents) all clemtnitary schools 
will be open from 5 30 p.m. to 9 p.in. 

Children should not be taken to tin; registration plac(‘s, and 
will not be admitted. 

Women expecting to be confined who wish to go can rc'gisler 
themselves at any maternity and cliild welfare centia; at any 
time it is open. Addresses of the centres cun be (jl)tuined at 
any Town Hall or Post Office. 

Blind people who wish to go can register themselves through 
their home visitor at the apj)ropriate district office at any time. 

Inquiries 

If a blind person does not know the addre.ss of tlu! District 
Office, .someone should write on his behalf to the Ifducation 
Officer, The County Hall, S.E.i. 

Inquiries about the scheme (except those on liehalf of blind 
people) cannot be answered by post or telephone, but they will 
be answered at any elementary school. 

Helpers Wanted 

Many thousands of voluntary helpers are needed in putting 
into force the scheme outlined in the foregoing paragrujilis, 

(1) To accompany parties from as.st'mbly points to entraining 

stations; or 

(2) To do the foregoing and to accompany parties into the 

Reception Area and .stay there, either for a few days 
or for an indefinite period at the choice of the volunteer; 
or 

(3) To lend and drive cars. 

The essential qualitii'S in a helper accompanying a party are 
common-sense, kindliness, and a cool head in an cmcrgimcy. 

For escorting certain of the partis, women will be 
particularly suitable. 



CHAPTER XVII 
ORGANISATION OF A.R.P. 

In a paper read at a general meeting of the Air Raid Protec¬ 
tion Institute on June 13th, 1939, Colonel G. M. Routh, C.B.E., 
D.S.O., F.A.R.P.L, gave much detail on the organisation and 
control of A.R.P. Services in Europe :— 

" Government by the people for the people ” said he, " must 
always suffer in its potentialities for executive control as com¬ 
pared with a totalitarian regime, since every important decision 
must be based on the slowly formed opinions of a large number 
of persons concerned, instead of immediate action on the 
personal order of a dictator. As a set-off against this demo¬ 
cratic leeway, we should look for some far-reaching corrective 
to compensate these weaknesses in the organisation of its 
chosen executive. It is the object of this paper to examine the 
channels of control in the passive defence of this country as 
compared with what is considered necessary across the water. 

“ Germany and France, each in their own way, have taken 
A.R.P. seriou.sly. Germany spent several hundred millions 
sterling in deciding, with typical Teutonic thoroughness, on 
what was neeeded to ensure that the danger from the air would 
neither cripple the Fatherland nor weaken her diplomatic 
counsels. Their Air Raid League [Luftschutzbund] has 13 
million members, about seven times the total number of 
British volunteers, and simple control by the Air Ministry, with 
unquestioned authority to make any person carry out any 
A.R.P. measure, has ensured that no enemy can now effect 
decisive results, either psychologically or physically, when 
dealing with the civil population. 

" The A.R.P. Department in Germany is thus controlled by 
the Ministry which deals also with Active Defence, both on the 
ground and in the air. This has certain advantages." 

Fig. 295 shows diagrammaticaUy the organisation of A.R.P. 
control in Germany in 1939—an organisation which functions 
without change in both peace and war. 



A.R.P. CONTROL GERMANY. PEACE & WAR. 1939 

Air HlriBtry 

{fiiockdt^tftdals ButdiUeTmm} ____ 
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A.R.P. FRANCE. 1939 

Ministry of National Defence 
(Previously Ministry of Interior 
Tlien Air Ministry) 

(Ministere de la Defense Nationale et de la Guerre) 



Trainiiif by Army, P<rfice af%d Rre Bribes, 
Vcrfunteers liaWe for II months. Gomsrnnwtnt 
Servants IfciWe, iHit certain Utility Companies* 

Fig. —Wmnch A.R.P. 
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Colonel Routh goes on to say : - 

“ France aims at the same results as (kirmany, Init expresses 
them differently. Where (lennany envis:ig('s only temporary 
hostile air superiority on the honu^ front, the h'n'nch contem¬ 
plate more sustained hostile effort, and attempt to provide for 
more continuous protective measures than across the Rliine. 

" Passive defence in France is under the direct control of the 
Ministry of National Defence, which exercises its functions in 
two ways. The ' Direction dc la DiTense Pa.ssive,’ consisting 
of members of the Defence Services, drafts laws and controls 
all A.R.P. in the country (except in Covernment Departments, 
who are responsible for their own passive defence). 'Phese 
powers are exercised through the general officers of the fifteen 
military regions, who are entirely responsible both in peace and 
war. The Prefects of these departments draw up plans with 
the mayors in their areas, which are forwarded by the getutrals 
to the Ministry of National Defence for aijproval. 'Fhe mayors 
are responsible in their own areas, with the as.sistance, for 
training i)urposo.s, of the Army, police, and fire brigades. 
‘ Volunteers' are liable for twelve months, but in practice 
nearly everyone except key pensonnel in essential services is 
called on to do his bit.” 

Fig. 296 shows the ovgani.sation in France and Figs. 297 and 
298 the A.R.P. organisation in (meat Britain in peace and in 
war respectively. 

In the organisation of Air Raid Precautions under the Air 
Raid Precautions Act the Home Office is rt!Si)ousiblo for 
co-ordinating and organising all passive measures for the 
defence of the civil population. Notwithstanding the fact that 
considerable executive powers are vested in local authorities 
and decentralisation is carried out as far as possible, all schemes 
involving expenditure of public monies require the approval 
of the central authority. The Home Office have issued Air 
Raid Precautions handbooks and have published memoranda 
and Home Office circulars on most asj>ects of the subject and 
the reader is referred to these for more detailed information. 
A complete list is given in Appendix IV. 

The whole of the Air Raid Precautions service is voluntary, 
much of it is part time but some members are required for 
whole time duties in war, and these are paid. 
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Apart from the fact that casualties in the service should be 
expected at the time of an emergency a number of the trained 
personnel may not be available for one cause or another and the 
numbers trained should therefore be greatly in excess of the 
numbers required for the service as outlined. A general 
perspective of the organisation may be gauged from the 
tables which follow, and the attention of the reader is drawn 
to the references given at the foot of each for any further 
detailed information required. 


AIR RAID PRECAUTIONS 
Actions to be taken 

(A) By Government 

In Peace time In an Emergency 


General organisation of 
national A.R.P. scheme. 

Advice to local authorities, 
employers and householders 
on structural A.R.P. organi¬ 
sation and individual con¬ 
duct. 

Accumulation of stocks of 
materials and equipment. 

Examination and testing of 
equipment. 

Training instructors. 

Research. 


Issue of warnings. 

Control of defensive opera¬ 
tions. 

Issue of emergency decon¬ 
tamination materials and 
defensive equipment. 

Control of evacuation and of 
maintenance of urban popu¬ 
lations, carried out by local 
authorities and Board of 
Education. 

Police services. 

Fire services. 


(B) By Local Authorities 


In Peace time 

Preparation of A.R.P. schemes 
for— 

First aid and hospital 
treatment. 

Rescue. 

Decontamination. 

Demolition. 

Repair. 


In an Emergency 
Control of— 

Wardens, 

First aid. 

Rescue. 

Decontamination. 
Auxiliary services. 

Fire precautions. 
Dissemination of warnings, 
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I n Peace time 
Augmentation of police. 
Fire, and 
A.R.P. personi\eL 
Recruitment and training. 
Evacuation. 

Lighting control. 

Protection of public building.s. 
Provision of public shelters. 


in an Emergency 
Lighting restrictions. 
Essential services. 

(las detection. 

Emergency communications. 
Provision of emergency 
shelters. 


(C) By STATtrroKY Undertakings 


In Peace time 

Preparation of emergency 
schemes and installation of 
stand-by equipment and 
organisation of alternative 
services. 


In an Emergency 
Close co-operation with (l.P.O. 
and local authorities in 
maintenance of e.ssential 
services. 


(D) By Employers 


In Peace time 

Preparation of schemes for 
protection of premises and 
personnel. 

Organisation and training of 
fire squads and first aid 
services. 

Encourage employees to join 
A.R.P. services. 


In an Kmcrgcmy 
Keep industry and commerce 
functioning as far as is 
compatible with safety of 
einployi'fs. 

Engage staff, unoccupied in 
the euRTgency, in organised 
A.R.P. service. 


(E) By HousEUor.DKRs and Members of the Public 

In Peace time In an Emergency 

Leaxn means of protection and Join A.R.P. service. 

sdf-help. Put into effect all emergency 

Prepare premises for passive measures, then " cany on ” 
defence, and help your neighbour. 
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Table CXIX 

AIR RAID PRECAUTIONS SERVICES 

Wardens 
Home Office 

I 

Local Authorities 

I 

Controlling Official: Chief Constable 

I 

Executive Head: Chief Warden 


Divisional Warden 
(80,000 population) 

1 

as necessary 

Head Warden 
(8,000 population) 

• ■ 1 

9 other groups 

1 

Senior Warden 
(500 population) 

1 

1 

■ 15 other posts 

Warden 

4 other Wardens 

(100 population) 


Wardens should be men over forty-one—or women. 


Duties. 

Distribution, fitting and maintenance of gas masks. 

Reports of bomb damage and presence of gas. 

Shepherding public to shelters. 

Lighting restrictions. 

General liaison between all A.R.P. services, police, fire 
brigade and public. 

Refs. 4 and 12 (see Appendix IV.). 
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Table CXX 

AIR RAID PRECAUTIONS SERVICES 

First Am 
Home Office 

I 

Local Authorities 

Controlling Officer: Medical Officer of Health 
Exectaive Head: First Aid Commandant 

I 

First Aid Post 

Men Women 

t. u, t, u. 

Population 3,000-20,000 small . 20 26 20 14 

„ 20,000-30,000 medium 26 20 26 18 

„ 30,000-60,000 large . 32 24 32 22 

(allows two sliifts) 

Ambulance Transport OflScer 

Ambulance Services 


2 ambulances per First Aid Party 
Each ambulance with i woman driver 
and 2 women attendants 


First Aid Party 14 parties per 100,000 popula- 

I tion. Executive Head. First 

4 men (over 30) Aid Commandant, 

1 car to each party. 

4- 25 per cent, reserve required in towns. 

Note at First-Aid Posts casualties are divided into 

(a) Wounded. 

(b) Contaminated unwounded. 
t. Trained, w. Untrained. 

Refs. 9, 28 and 68. 
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Table CXXI 

AIR RAID PRECAUTIONS SERVICES 

Rescue 
Home Office 

I 

Local Authorities 

I 

Controlling Officer: County or Borough Engineer 
Executive Read,: Superintendent of rescue parties 

I ^ 1 

Foreman 6 parties per 100,000 

of the population. 

6 or 8 men (over 30) 
according to the equipment. 

(Trained Contractors’ Men or Works Dept. Employees.) 


Duties 

Extrication-of casualties from damaged buildings. 

Demolition of dangerous buildings, (interchangeable with 
decontamination squads.) 

Note.— Unexploded bombs are disposed of by the appro¬ 
priate corps of the local fighting services. Officers commanding 
which should be notified by Wardens through the police. 

Refs. 10 and 68. 
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Table CXXII 

AIK RAID PRECAUTIONS SERVICES 

Decontamination 
Home Office 

Local Authorities 

1 

Controlling Officer: County or Borougli Engineer 
Executive Head: Chief of Decontamination Squads 

I-1 

Squad of 6 men 6 squads per 100,000 population 

(Street Cleansing Staff or County Highway Employees.) 


Duties 

Arduous and exuding 

Decontamination of streets, buildings, vehicles, barges, 
utensils, tools and materials. 

Should be trained to assist in rescue, demolition or repair. 
Based on depots. 

References i, 4, ii and 68. 
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Table CXXIII 

AIR RAID PRECAUTIONS SERVICES 

Ancillary 
Home Office 

I 

Local Authorities 

I 

Ancillary Services 


I 

Report Centre 
Men over 45— 
and Women, 

I 

Messengers— 
Motor cycle, 
pedal cycle, 
or on foot. 
Youths i6~i8. 


Storemen, Reserves 

Clerks, etc. 

Men over 30 years. 


Ref. 68. 
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Table CXXIV 

AIR RAID PRItCAUTIONS SERVICES 

Fiuk I*kkcauti()NS 
Homo Otlicc 

I 

Ivocal Autlioritios 

, . I . 

CofUrollin^ Offiar: Chief Officer of the hin^ Brigade 
Establi-siied Bi iga(Its 
Auxiliary Fire Service (A,ICS.) 

I 

Twice the number of men needed should lie f rained 
Pcmmnel; according to local requirements 
Men 25 -50 

Women for watch-room and clerical duties 

In emergeiu'y auxiliarywould be attached to 
Fire Brigade Station or auxiliary lire station. 

References 12. 31, 33, 34 and 68. 

A.F.S. personnel receive training by established brigades as 
below: 

Sixty hours for fire-fighters and thirty houns for others. 
Owner-drivers of cars and motor boats required for trailer 
engines and fire floats. 

Water from canals and rivers to be pumped to supphunent 
water hydrant services. 

Business firms urged to form and equip fire brigades, the 
training of which would be undertaken by tiie established 
Brigades. 

Much may depend upon the efficiency of the A.F.S. 
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Table CXXV 

AIR RAID PRECAUTIONS SERVICES 

Police 
Home Office 

I 

Police Forces 

I 

First Police Reserve 
(full time and paid) 

Special Police Reserve 
(full time and paid) 

i 

Special Constables 
(part time and unpaid) 

I 

The Observer Corps—Branch of 
the Special Constabulary 

Duties 

Too wen known to need enumeration. 

Ref, 15 and 68. 
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Tahlk CXXVI 


AIR RAID PRECAUTIONS SIvRVICiiS 

Waunings 
Home Office 

I 

Local Authorities 

I 

Public Warnings 
(whistles or sirens) 

Local warnings by Wardens 


(Whistles, rattles or bells) 
Refs. 15 and 82. 


Tablk CXXVI I 

AIR RAID PRECAUTIONS SERVICES 

Lightinc; Rkstkictioms 
Home Office 

Police TocaLAuthoi^^^ Cotnpanies 

Air Raid Wardens Street Lighting Railways, etc. 

Public 

Refs. 15 and 37. 




ORGANISATION OF A.R.P. 


683 


Table CXXVIII 

AIR RAID PRECAUTIONS SERVICES 

Essential Services 
Home Office 

Co-ordination by Local Authority and G.P.O. 

I 

Statutory utility undertakings 

. I 

Auxiliary maintenance services 


Table CXXIX 

AIR RAID PRECAUTIONS SERVICES 

Gas Detection 
Home Office 

Local Authorities 

I 

Head Wardens 

I 

Gas Detection Officers 
Ref. 24. 
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LIGHTING RESTRICTIONS 

In the future air raid warning restrictions on lighting are likely 
to be more drastic than those enforced in the (Ireat War. 

The whole country is likely to be plunged into darkness for 
the purpose of depriving enemy airmen of an easy means of 
checking their position. 

Normally, any village or town is conspicuous from the air at 
first as a general glow and later a closer view shows streets and 
general centres of nocturnal activity. 

The map of the locality is clearly revealed by unsc.r«;cju:‘d 
illumination and even the glow from gas or electric fires is one 
which cannot be allowed to contribute to the general level of 
illumination. 

The immediate plunging of the locality into darknes.s by the 
switching off of electric power from the generating stations 
would also interfere with the running of trains, trolley buses, 
lifts, drainage pumps, and electrically-driven machinery of all 
kinds and this, therefore, cannot be contemplated. 

Apart from this the vital necessity of maiafaining illumina¬ 
tion in essential control stations, opiu'ating hospitals, etc., has 
brought about the installation of <‘nung(!ucy lighting systems 
which automatically light up on the cessation of the current 
from the main supply. 

In time of war, all winchnvs, .skylights and glazed doors would 
have to be rendered opaque at night and this can best be 
achieved by the fitting of dark blinds. These must be installed 
so as to produce compkdc invisibility from outside and all 
rooms in a building likely to be occupied after dark should be 
fitted with them. 

Suitable material may run short when the need arises, and 
all owners and occupiers of premises are therefore urged to 
obtain and install the necessary blinds and fittings now. 

The " black-out ” is one of the first expedients of passive 
defence to be adopted, but to be effective it must be absjolutely 
complete. 

We have not yet progras-sed as far in illumination by night 
as we had in the War by way of the firing of dummy flashes 
from the false battery positions to confuse enemy observers, and 
sound "locating" devices. We do not yet contemplate the 
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" alteration of the map ” by the temporary removal of city 
lights to rural districts but we can extinguish or shield all city 
lights from aerial observation. 

Strong blinds behind windows and under skylights also serve 
to minimise danger from glass shattered by the explosion of 
bombs. 

For emergency use black and green obscuring paints are now 
available. The prices and covering capacities of Duresco black 
water paint are as follows ;— 

7 lb. tin (4s. ’^d), 225 sq. ft. minimum on glass, 
i cwt. keg (13s. 6 d.), 900 sq. ft. „ . „ 

I cwt. keg (53s.), 3,600 sq. ft. 

See also Chapter XIV. 

An Official Memorandum (37) on the subject of lighting 
restrictions contains inter alia the following stipulations which 
in the event of war would be striqtly enforced by the police :— 

Private Houses, Shops, Business Premises and Places of 
Entertainment 

All occupiers of premises used after dark would be required, 
for the duration of the war, to mask all windows, skylights and 
doors at night with dark blinds or curtains or other means, so 
that no light inside such premises was visible from outside. 
External lights would be forbidden. 

Advertisement Lighting and Illuminated Signs 

All illuminated advertisements and signs (other than signs 
installed specially for air raid precautions purposes) would be 
prohibited. 

Factories and Industrial Premises 

The emission of direct or reflected light from factory build¬ 
ings would have to be prevented, normally by the screening of 
all windows and skylights with dark blinds or paint. External 
lighting would normally be prohibited. 

Street Lighting 

Normal street lighting would not be permitted in time of 
war. Traffic control signals, fitted with approved masking 
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devices, would be allowed to remain in operation in darkened 
streets. 

Road Vehicles 

Restrictions would be impo.sed on, the light.s carried by road 
vehicle.s. The use of motor car headlamps could only be 
allowed if they were heavily screened. Interior lighting in 
public vehicles would have to be obscured. 

Railways 

Lighting in trains and on railway premises would also be 
subject to restrictions. Details are being arranged with the 
railway companies. 

Shipping, Navigation and Aircraft Lights 
Shipping, navigation and aircraft lights would in general be 
controlled by arrangements made by tlie Government. 


AIR RAID WARNING SIGNALS 

Under the Air Raid Precautions Act, 1937, provisions for 
public general warnings in urban areas are made by— 

County Councils, 

County Borough Councils (and the Corporation of the 
City of London), 

Metropolitan Borough Councils, 
in England and Wales, 
and County CounciLs, 

Councils in cities and large burghs, 
in Scotland, 

The purpose of the signals is to give the general public 
warnings of air raids in urban areas. They take the form of a 
code of signals from any suitable sound source, such as 

1. Steam sirens and whistles. 

2. Compressed air sirens. 

3. Self-generating rotary sirens. 

A warning siren with a range of one mile—longer than any 
produced abroad—has been ev<)lvc<l. 

The code must be adopted by public bodies and private 
establishments alike. 
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Air Raid Warnings 

To give the public and services warning of impending raids, 
Britain is divided according to the telephone organisation into 
100 comparatively small Warning Districts, each based on a 
Group Telephone Exchange. The districts do not coincide 
with the local government boundaries, so that a county may 
have different parts in two or more Warning Districts. 

The warnings will be issued in turn to the Group Telephone 
Exchange of each Warning District threatened by a raid, and 
the warning will then be automatically distributed by telephone 
to recipients on pre-arranged Local Warning Lists (one Special, 
one Action) prepared by the Chief Constables. 

The Special Warning List includes local A.R.P. Head¬ 
quarters, Police and Fire Headquarters, First Aid Depots and 
Posts, public utility undertakings, blast furnaces (for damping 
down), and factories of national importance. The Action List 
includes, in addition, operators of Public Warning Signals. 


GENERAL SCHEME OF AIR RAID WARNINGS 


Prelloilnary Caution 

Telephone Code : 
" Yellow " 

(Confidential) 


Cancel Caution: 
Telephone Code 
White " 

(Confidential). 

Action Warning: 

Telephone Code: 
Red 

(Made Public) 


Confidential message to Government Departments 
and recipients on the local Special Warning List» 
that a raid on the district is likely in about fifteen 
minutes. A.R.P. services’ will take essential 
action as quietly and unobtrusively as possible, 
but no public warning will be given in case there is 
no raid. 

If there is no raid, a message cancelling the Prelimi¬ 
nary Caution will be sent to those who received it. 
Wardens will then he released from duty. 


Recipients on the Special List and the additional 
recipients on the Action List are warned that a 
. raid is possible in their district in 5-10 minutes. 
The Local Authorities concerned then issue 
warning signals to the public by hooter or sirens 
with a fluctuating or “ warbling " or intermittent 
blast, the whole signal lasting two minutes. 
Repeated Action Warning. —All Wardens and 

E olice reinforce the general warning by sharp 
lasts of the whistle in their own Sectors, 

Public take necessary precautions and go to shelters ; 
all traffic stops, and (if at night) all lights are put 
out. 
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WanleiiH (or polirt*) schiikI hand rattici 
ill any strtn‘lH nr arniiH affected by gm. An 
iinnuHliatn rnpnrt, of tlu^ prt*Meut!t^ nf guM in thn 
IncaJity is Hont frnni tin* pnst l«» Hit* H«‘|K»rt C'cnitrr, 
The IjiCtil Gm Warninf* musi nat be suumied mere 
widely than is neressary, otherwise publie and 
services will he unduly ilisarganised. 
b'nllowing a I'l'orji thn Nalinnal Warning 

C'rntrt! that raitlrrH havn Inft the diHtrir.t. tlu* 
lajcal Authc^ritieH vimcvnuHl innue a rnntimtnnH 
Steady-pitched blast on sirem for two minutes 
to advise jHiblie that raiders have left the disirkt, 
or that a rai<I is nt» longer imminent. 

This signal does not mean that any local gas danger 
is removed. Freedom hrom gas is indicated hy the 
Cancel CUh Wahnino : Wardens^ on iuHtruetions 
from tlmir Chief or Mead Warden, ring handhtlls 
through atnsets of tlmir sector whtm all gas danger 
in that sector is removed, 

Group Warden or iltuul Wanlen iitlviseH He|Kjrt 
Ckmtre. 

If there has been no gas, tlie handbells are rung to 
reinforce the ** Raiders Passed signal. 

Every householder and every Air Raid Warden must at once make himself 
acquainted with the exact details of the scheme of air raid warnings to be 
operated in his home district, and, if he works away from home, ^th the 
system to be operated near his place of business. 


Training of A-R.P. Personnel 

Too much emphasis cannot be laid upon the need for efficiency 
in all ranks of the A.R.P. services. 

Apart from the Government training officially available^’® 
to selected (anpl()y(i(‘s (see p, (no) courses in Civil Defence are 
now organised in most universities and polytecluiics. 

Postal training is also available from tlia Correspondence 
Technical College, 91 Gower St., for the ILtamination Diploma 
of the Air Raid Protection Institute. 

The examinations of this influential body are strongly 
recommended to A.R.P. officers, civil engineers, survt*y<»rs, 
architects, A.R.P. oiganis<‘rs, local autliority officials and 
others who wish to acquire proh^ssioiial status in the highly 
specialised sphere of Civil Defence. 

Postal courses are also available for the L.A.R.P. examination 
to the Home Office syllabus, as well as intensely }>rat:ti(:al 
courses in A.R.P. 

For practical exercises and tactical training in A.R.P. the 
reader is referred to Tactical Training in A.R.P. for Wardens 
and other Civil Defence Services/' by Dr. S. E, Thomas.^^* 
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Local Gas Warning: 
(To Public) 


Raiders Passed; 

Tcleplioiia Ck)clc: 
** (rroeu " 

(Made Public) 


Local ^*A1I Cleat’ 
(To Public) 
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LIQUID BAS SPRAY 



H.E. Bomb Burst Incendiary Bombs. 


Fig.* 300. —** Blots " on glass placed over maps facilitate indoor 
tactical exercises for A.R.P. personnel. 
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For indoor exercises on the reporting upon and the clearing 
up of any air raid incident, models such as tliat illustrated in 
Fig. 299 will be found of inestimable value. In using the-se 
models one of the trays supplied is filled with tine sand and 
levelled to the approximate contouns of the .sector to be 
illustrated. 

Blocks of various shapes and sizes are then selected and 
arranged by the warden who learns his sector more intimately 
by the simple process of building it up. 

Coloured cords are used to indicate different pipe lines, cables, 
etc., and trees and shrubs are placed in position where required. 

The chief warden creates realistic " incidents ” by dropping 
steel" bombs " on the model, displacing buildings and forming 
craters—often over cables or mains. Incendiary bomb.s .stay 
on buildings and '* liquid spray " in the form of white powder, 
represents gas contamination. 

The making of reports, the tabulation of the data, the issue 
of orders and the clearing up of the incident give all rtmcfiiKHl 
at headquarters or depot indoor exercises invaluable in their 
training. 

Another method that can be adopted for such indoor tactical 
games is to utilise a flat sheet of transparent celluloid or glass 
on which a number of “ blots " of different colours and different 
sizes have been placed. This can then be placed by the 
instructor at random over the map of the sector and warden's 
reports made out in accordance with the indicated dam^e 
(see Fig. 300). 

The Future 

What of the future ? To what extent will the air menace 
affect the planning of our cities and the design of our buildings ? 
Tq what extent will communal activities and urban communities 
be modified to provide passive civil defence against air attack ? 

What easier target than a large metropolis Tike that shown in 
the upper portion of Fig. 301 ? Something has to be done 
about it I 

From the earliest times military considerations of defence 
have had their influence in the pUmning of walled cities, and 
the weapons used and the methods of attack and defence 
dominated the dedgn of every castle and manor house. 




I'lci, —Model of a warden's sector showing air raid damage, (i) 
Structural damage from H.E. Transport destroyed, pedestrians 
injured a,nd gas nuiin severed. (2) Incendiary bombs. (3) Con- 
tiimination by licpiid gas. 

(Courteay Uiiiimiil Air Defence Serviced.) 







AN AIK DE.FENCL 
TOWEK 

2000 MLTPvLS HIGH 


THU TOWL^ IN ^^,iNfO^Ct.D 
CONC^LTL INAf OtyiCNLD 
AS A MLANS Of DLftNCi 
AGAINST INVADING AI^C^AFT. 

THL PLAN ALLOWS fO^ THIVLL 
PLATfOILMS FOA ALILOPLANL 
TAK.L-OFFS, fOA ANIl-AIACAAFT 
GUNS AT VAMOUS ALTITUDLS 
AND F0^ •OtSLILVATION AND 
SIGNALLING POSTS. 

THLSL PLATFOMAS CONSIST 
Of A HOMZONTAL COVLMD-IN 
APvLA, HUH OPLNINCS fON 
THL PASSAGL Of ALVOPLANLS 
IN ALL OIILLCTIONS . FOA 
CAAFT AND PLASONNLL 
INTLMOA CIA.CULATION IS 
ASSUALO 5Y LIFTS. 

A SMALL POWLA STATION 
SITUATLD AT THL C.ASL OF 
THL TOHLA SUPPLILS LIGHT 
AND POWLA TO ALL POINTS 
Of THL TOWLA. 



O.^P. Dr(0.H*4Sei. PLAN Of LOWtST PLATfOAM 


Fi(3, 299A. —A I'Venoh project for an air defence tower. 


tlfflL TOHLA TO SAML tCALL 
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Pig. 301.—'fhe influence of Civil Defence on town planning. 
Upper Section ; Large modern metropolis. 

Middle Section ; Back to the land I 
Lower Section ; Interconnected small towns. 
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Considerations of passive aerial defence are already in¬ 
fluencing town planning, and the large city shown in the 
figure would, to a great extent, be evacuated in war. 



Fio. 30*.—From a design by Professor Mariani for a town designed 

to resist aerial attack, 


Alive to the advantages of dispersion a German author 
advocates “ return to the land," and calculating upon the 
average intensity of human population in most European 
countries, amounting to one and a half persons per acre, 






Fig. 303.—Communal activities in bomb-proof buildings in the city 
of the future ! 

and presupposes the complete cessation of most communal 
activities and the abandonment of the many advantages of 
urban planning for industry, business, recreation and pleasure ! 
The planning of interconnected self-contained towns of, say. 
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20,000 inhabitants combined with a consideruble increase in 
the number of homesteads established in the countryside will 
probably be the logical development. (See bottom of Fig. 301.) 

Consideration of Anti-Aircraft Defence and other military 
action will undoubtedly influence the planning of towns and 
the design and placing of large buildings near open spaces in 
the future. 

Cities may be planned with glacis round them or at 
strategical points within the metropolis—Civil Defence pro¬ 
viding hereafter a factor requiring constant consideration. 
A.R.P. is now one of the essentials in building design, as 
essential as lighting, heating and ventilation. 

There is no doubt that considerations of passive aerial defence 
will influence the design of buildings in the future, and Fig, 302 
shows a project by Professor Mariani for a community specially 
designed to resist aerial attack. 

Note the circular planning of the buildings, the dome-like 
bomb deflecting types of roof and the covered approaches. 

Whether the cities of the future will present sucli an appear¬ 
ance is a matter for considerable conjecture, but at an exhibi¬ 
tion in Paris, showing air defence methods, not a few designers 
of vision showed such proposals. 

A form of underground building designed by M. Jouven and 
eight collaborators is shown in Fig. 303. 

Conceived upon a vast scale the scheme provides for com¬ 
munal activities in bomb proof independent buildings, con¬ 
nected together with underground establishments. Fig. 269 
shows the author's proposals for the factory building of the 
future designed to provide Class 5 protection in the factory, 
and Class 6 protection in the adjoining store-cum-shelters. 

By the arrangement proposed it will be seen that ordinary 
windows are not used and in their place blast-resisting lenses in 
reinforced concrete are utilised. 

The flat top and sloping sides ensure freedom from tell-tale 
shadow and the earth-covered roof recovers for agriculture 
some of the lost acreage, provides automatic camouflage and 
protection against the incendiary bomb. 

The hinged flaps over the panels of lens-crete are of use in 
camouflage and in blacking-out. 

The cost of such a factory would be of the order of 15s. per 
sq. ft. of floor space. 
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THE WAR 

As pointed out in the Preface to, the Third Edition, this 
section of the work goes to press when we have experienced 
twenty months of the war. The British Lion is at last aroused 
from its accustomed peaceful somnolency. 

The armed forces of the Crown, often outnumbered and 
outclassed, have emerged triumphant through dogged deter¬ 
mination under brilliant leadership, and although the assured 
material aid from the American continent has not yet fully 
matured, the tide is turning and the initiative in attack is 
now with the defenders of democracy and the enemies of 
aggression. 

The defenceless peaceful civilian to whom this work is 
dedicated, has shouldered his war burdens—increased taxation, 
irksome defence regulations, rationing, long hours of national 
work, service in the volunteer civic organisations, lost sleep 
at the hands of the night bomber, and emerged from his shelter 
often to discover the complete destruction of his home and the 
loss of friends and relatives, but only to erect the Union Jack 
over the ruins and to resume his duties with added vigour and 
truly Churchillian determination. 

Supporting a vigorous campaign in Africa, the Mediterranean 
and the Near East, and maintaining large defence armies in 
the British Isles, the British civilian calmly awaits invasion, 
endures continuous and ruthless bombardment from enemy 
air squadrons, joins his Home Guard unit and appoints his 
security police, the better to watch the nefarious activities of 
the treacherous Fifth Column in his ipidst. 

Adequately to describe the courageous fortitude of the 
British civilian under bombardment from the air would tax 
the eulogy and encomium of a veritable laureate. Suffice it 
to say that neutral observers have described it as beyond 
panegyric praise. 

<195 
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The devastation caused by the bombing of tlie houses of the 
people has afforded practical proof of the necessity of providing 
for the demolition load on the roof of all indoor slielters (see 
pp. 203 et seq.). 

Anderson Shelters have in innumerable instances saved the 
lives of the sheltering people whose houses within a few feet 
of the shelter have been demolished by bombs. 

The maintenance of essential services, traffic, gas, water and 
electric supplies in the Metropolis tliroughout continuous 
aerial bombardment has been a constant .sourct; of amazement 
to the observer and particularly difficult reinstatements of 
services and sewers have been dealt with by bridging craters 
to avoid interruption in the traffic. 

Gas 

Up to the time of going to press, no Iwlligerent in tliis war 
has yet used gas. 

Nevertheless, gas protective measures are pr<)<-eeiling apace 
and the public are urged to ensure that .shelters are made 
capable of being gas-proofed and respirators overliauled, kept 
in condition and ^always carried. 

War Changes in Civil Defence 

What changes has the war wrought on tin; technitjue of 
Civil Defence ? 

The Civil Defence services have been mobilistid on a war 
footing, and on the whole have come up to expectations in 
the grim reality of war work. 

Happily the j)rincipl<‘s outlined in the foregoing pages 
written before the outbreak of the war and at tlie very 
inchoation of the science have withstood the acid test of 
inexorable experience. 

New regulations have appeared to meet the clianging needs 
of the time, but except where outlined in the following pages, 
the underlying technical princii)les have remained funda¬ 
mentally intact. 

Costs 

Costs of building work and prices of rquipmeat have 
experienced an understandable upward trend. For e.stimating 
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purposes it would be safe to allow an all round extra 33 1 per 
cent, on the costs given in earlier chapters in the volume, and 
except in special circumstances, of which the estimator would 
presumably have knowledge, the prices given may still be 
regarded as strictly comparable, having all been estimated 
upon a uniform basis. 

Shelters 

Experience has proved over and over again the wisdom of 
the policy of dispersion, and that, except where deep bomb¬ 
proof shelters are available, small shelters accommodating 
each a number not exceeding fifty persons and themselves 
presenting a small target, are preferable to larger ones. 

In the early rush to provide shelters for all who could not 
be evacuated, underground shelters and those of the pill box 
type were constructed with little or no provision against 
waterproofing. 

Many trench type shelters became flooded and unusable, 
and the use of shelters for sleeping accommodation in many 
cases became impossible. 

As a result, subsequent waterproofing opejations have had 
to be undertaken often at considerable cost and permanent 
drainage pumps installed in a number of cases. 

The deep bomb-proof shelter has not been adopted to any 
great extent, but, subject to careful regulation, some Under¬ 
ground Railway Stations in London have been used as safe 
dormitories. 

Work on branch tunnels at ten stations on the London 
Underground Railway has already begun with a view to 
providing deep shelters for 100,000 sleepers by the end of the 
summer of 1941. 

The new tunnels, centrally situated, will be equipped with 
bunks, washing facilities, first-aid posts and provision will also 
be made therein for meals for the occupants. 

They will be of use after the war as loop or branch lines. 

Air Raid Shelters made from D^ms Material 

By the early spring of 1941 the large cities in this country 
had borne the brunt of aerial attack, but these are, generally 
speaking, better placed in regard to the shelter position than 



CIVIL DEFENCE 


698 

are the satellite towns. These satellite towns are, nufort uiuit cly^ 
overcrowded due to evacuation, and there is no doubt that in 
due course they will become target areas. It therefon; Ijchoves 
the authorities to encourage tlie construction of air raid 
shelters, and the object of the present suggestions is to indicate 
to the public how be.st they can help tlunnselves in tlie present 
eiiuTgency. 

The new indoor shelters (Fig. 304) known as the Morrison 
shelters and made in the form of a steel table, nnder which 
bedding can be placed, are to be a free issue, where needed, to 
families earning up to £350 per year. Those with higher 
incomes may be able to buy tliem for about £H * if enough are 
available. 

In any event, it will not be practicable in the early stages of 
distribution to cover anything like the whole country, and a.s 
a consequence priority areas will be established based upon 
experience of shelter needs and estimated vulnerability. 

It will therefore be seen that the evacuee family and the 
“ black coat ” classes generally will have very largely to fend 
for themselves unless they decide at all times to make* use of 
the public shelters which may be available. 

Owing to the enhanced cost of btiilding work, few can afford 
to have shelters specially built for private use, and the author 
therefore suggests that, by tlie proper utilisation of suitable 
ddhris material which can be made available by local authorities, 
all in need of .shelters could with certain technical guidance 
construct, in their own homes, shelters giving Class 5 protection, 
i.e., protection against all hazards except a direct hit, which is 
devastating and final, whatever precaution.^ may be taken. 

As an example of what may be done, Figs. 305 and 306 
giving illustrations of shelters " F " have been selected from 
a range of specially prepared designs. 

The advantage of indoor private sltelters will readily be 
appreciated by any who have passed a night in an external 
shelter. The home comforts so much missed need not in the 
least be interfered with in an indoor shelter. 

As has already been envisaged by officials and certain con¬ 
tractors who sell reinforced tim^r tables and reinforced 
concrete tables, the combined dining-room table-cum-shelter, 

* March, 1941. 






Fig. 304. —^Morrison Indoor Shelter. 


(CoKftoy Minisiry of Infomaim) 
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under which a bed can be made, is likely to become very 
popular. 

In these cases, however, considerable care must be taken to 
stand the shelter on a firm foundation. It is not sufficient to 
stand it merely upon the existing timber floor of a house, as 
in the event of the demolition of the house the shelter itself 
would in all probability be forced through the floor down to 
the ground or site concrete. 

In some designs which the author has seen the legs of the 
table would themselves be forced through the boarding, thus 
reducing the space between the floor and the underside of the 
table top to a dangerous extent. 

Furniture shelters which are at present obtainable vary in 
price from £g 19s. 6d.* to £20* 

By careful attention to the instructions given below an 
enthusiastic householder could quite easily construct an 
entirely satisfactory shelter at a total cost of £5* 

In order to minimise the alterations to the building it is 
suggested that holes about 9 in. square be cut through the 
boards between the floor joists. Through these holes concrete 
pyramids can be formed, providing a solid support carried down 
to the site concrete, quite independent of the floor. The 
setting out dimensions are given on illustration Fig. 306. 

A corner of a ground floor room is selected in order to take 
advantage of what resistance to splinters and blast is already 
provided by the existing walls. These walls should, however, 
be thickened out where shown to a total thickness of 14 in. 
of solid brickwork in order to provide for splinter protection 
in accordance with the structural code laid down by the Ministry 
of Home Security. 

The other two walls of the shelter need be no thicker than 
9 in. solid brickwork or masonry or concrete or whatever 
happens to be available. The combined resistance of this and 
that of the walls surrounding the room would provide the 
necessary splinter protection. A bomb falling actually within 
the room itself must be regarded as a direct hit, as protection 
against such a disaster would involve cost beyond the reach 
of the ordinary householder. 

When the walls, which can be made of rubble masonry 

♦ March, 1941, 
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from broken walls and the like obtainable from the dihris 
dumps, have been constructed to a height of 3 ft. the roof can 
be formed in reinforced concrete on permanent shuttering of 
old doors or the like. These would ultimately provide thermal 
insulation and prevent condensation on the underside of the 
slab. Old railings or bars could be used for reinforcement and 
the concrete could be made from crushed brick and Portland 
cement, or preferably from ballast, sand and cement in 
proportions of 4 : 2 : r. 

It is not suggested that the ordinary householder should 
execute the whole of this work by himself without any expert 
guidance. Indeed, it is at this stage that experts would be of 
most help to him. One reliable skilled artisan could well deal 
with the construction of about a dozen such shelters simul¬ 
taneously, provided the householders themselves supplied the 
necessary rough labour or arranged to employ such assistance 
as might be necessary. 

Local builders, with the guidance of a competent designer, 
could well establish a corps of experts who could provide the 
guidance householders would require. Thus without burdening 
the existing overworked A.R.P. Municipal Services, local 
building interests could well serve the public by undertaking 
the expert guidance of the householder in the provision of 
furniture shelters at present so badly needed, especially in 
the smaller towns throughout the country. 

The only new material that would be required in the con¬ 
struction of any of these indoor shelters would be Portland 
cement. This can now be obtained without a special certificate. 
The whole of the rest of the material would be obtainable from 
the dumps of dihris, which unfortunately are accumulating in 
all big cities, and which can well be utilised for this purpose. 

Much can be done in this matter by courageous self-help, 
but expert guidance in the selection and arrangement of the 
reinforcement in the top slab is of utmost importance and 
careful attention to the practical hints made by supervisors 
would ensure soundness of the finished work. 

In the light of the experience of the construction of some 
thousands of shelters of all kinds the author has been struck 
by the almost universal demand for a service such as is 
envisaged above. 
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Fire 

As in the Great War of 1914-1K tht* enemy has made a 
determined effort to set fire to Lomlon. Some effects are to be 
seen in the frontispiece, a phi)lof;rap!i taken from St. Paul’s 
showing part of the City after a fire blitz. 

In order to supplement the jM'rsonnel of the establislied fire 
brigades and the A.F.S. tht' public are now calletl ujkhi to take 
turns at fire watching duties. 


FIRE WATCHING AND COMPULSORY SERVICE IN 
CIVIL DEFENCE 

Generally 

Occupiers of business premises are bound to make arrange¬ 
ments for fire watching. Workers in bu.Hiness premises are 
obliged to undertake fire watching duties at their [ilaces of 
employment. Residents are liable to be enrolled compulsorily 
as fire watchers. 

Compulsory Fire Watching 

Compulsory fire watching is provitled for under Regulations 
26a, 27A, 27B and 38 of the Defence (General) Regulations, 
1939, and Orders and Directions made or given under those 
Regulations. 

The Orders made to date are:— 

The Fire Watchers Order No. 1677 (Septemlier 19th, 1940). 
General Regulations Order No. 68 (January 15th, 1941). 
Fire Prevention (Business Premises) Order No. 69 (January 
i8th, 1941). 

And the Civil Defence Duties (Compulsory Enrolment) Order 
No. 70 (January i8th, 1941). 

The Regulations provide for:— 

(«) Compulsory arrangements for fire watching at business 
premises. 

(b) Compulsory performance of part-time civil defence 
duties. 

Civil Defence Duties 

Order No. 68, 1941, affords the Minister of Home Security 
general powers to require all British subjects of either sex 
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between the ages of sixteen and sixty to register and to be 
enrolled compulsorily for parbtime unpaid civil defence duties 
in the area in which they reside. 

At the present time only persons of the male sex are liable 
to be compulsorily enrolled and then only for the performance 
of fire prevention duties in order to enable local councils to 
carry out their duty of making arrangements for securing that 
a watch is kept for the fall of incendiary bombs in the area of 
the council, that all practicable steps are taken immediately to 
deal with fires caused by such bombs, and that assistance is 
summoned as necessary. 

The areas in which civil defence is compulsory will be those 
in which the local councils are unable to find sufficient volun¬ 
teers to carry out the fire prevention duties imposed upon them. 
Persons failing to register are liable, on conviction before a 
magistrate to imprisonment for a term not exceeding three 
months or to a fine not exceeding £100 or to both. 

A person enrolled may only be required to do forty-eight 
hours' duty in any calendar month. 

A person who refuses to do duty is liable, on conviction 
before a magistrate to imprisonment for a term not exceeding 
three months or to a fine not exceeding ;^ioo or to both. 

Exempted Classes of Persons 

1. A member of the armed forces of the Crown. 

2. A member of the Home Guard. 

3. A constable, including a special constable. 

4. A person of unsound mind. 

5. A registered blind person. 

6. A civil defence volunteer. 

7. Any other class which may be prescribed by the Minister 
of Home Security, or a Regional Commissioner. 

Fire Watchers in Business Premises 

The premises for which arrangements for fire watching are 
to be made are business premises, that is, any premises occupied 
wholly or partly for the purpose of any business, trade or 
profession, which are situate in any area prescribed by the 
Minister of Home Security or by a Regional Commissioner. 
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Pri'iiiiscs which nrc ttccapit it by a {htsoii partly as iiis dwelling 
house and }>artly fur tlic puipn-.i s »{ his business, trade or 
profession are exempt. 

Occupiers of business premises are le.ptii.-d to make pr«{><*r 
and ade<}uat<* arrangements to secure that fires tHctining at 
the premises as a result of hostile attack will be immedmtdy 
detected and dealt with. 

Anuugeiuents for dealing with fires must secim*: 

(a) That an atiequute number of jhtschih for the jnirjKJse of 
discharging fire pnwention duties are at all times present at 
the premises. 

(b) That sjxicifled fire {)reventioii dtities are allotted to those 
persons. 

(c) That adequate fire prevention i-quipment is at all times 
available at the premises, 

" Fire prevention duties " means tlie duties of ket*ping a 
watch for the fall of incendiary bombs, takijjg suclr steps as are 
immediately practicable to combat a tire caused by such 
bombs and summoning such assistance as may l>e necessary, 
and includes the duty of being in readiness to {KTform any such 
duties. 

The fire watcher must 

(а) Be present on the pretnises at all times during which he 
has undertaken to act as fire watcher ; and 

(б) During a period in which hostile attack is in {trogress in 
the vicinity or an air raid warning is in operation, be in readiness 
to detect outbreaks of fire and to summon assistance and to use 
such fire-fighting appliances as may be available. An air raid 
warning is assumed to la.st from the giving of a public air raid 
warning signal to the giving of a public raiders' passed signal. 

Arrangements made must be notified in writing to the 
appropriate authority within fourteen days of the date when 
the obligation to make arrangements arises. 

Fig. 308 depicts fire-fighting methexte for dealing with the 
incendiary bomb menace in office buildings as organised by the 
fire protection services of the City of Westminster. 

A typical fire squad consists of six trained men under the 
command of a leader and is always on duty during a day or 
night “ alert." 
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All men are trained in the use of fire-fighting appliances and 
must know the way about all parts of the building. Two men 
are always on patrol and the remainder are ready for instant 
action. 

The respective duties are depicted on the illustration, but 
should an incendiary bomb enter the building or land on the 
roof one of the patrol immediately tackles it, and his mate, 
having called for help, goes to his aid. 

The fire brigades are only called if the conflagration gets out 
of hand, but the fire watchers in each building can best deal 
with the incendiary bomb and usually are able to get it under 
control without further assistance. 

Fig. 309 indicates the organisation of fire-fighting precautions 
in residential districts with a view to dealing with the incendiary 
bomb before it can start a fire. 

Group leaders should take a fire-fighting course and thereafter 
train their own groups. Stirrup pumps, ladders, sand, water and 
shovels should be disposed generally as indicated on the 
illustration and householders should co-operate to the extent 
of taking the precautions indicated in the inset figure. 

During an " alert ” the “ watch ” usually lasts two hours, 
but in urgent cases may last for the duration of the raid. 

Glass 

Recent raids have shown the importance of preventing 
broken glass from being scattered by blast. Nothing stuck on 
glass will make any material difference in the amount of glass 
broken by blast; nor. can any simple bracing system help 
matters. Glass in windows and doors is less liable to fracture 
by blast when they are as wide open as possible. 

It is generally accepted that in the open country all usual 
types of glazing up to 26 oz. are liable to be shattered by blast 
from a 500 lb. H.E. bomb exploding within a distance of 
300 yards—a glass shattering area of 283,000 sq. yds. (over 
58 acres in extent). 

Bombing experiences have demonstrated that an H.E. bomb 
falling in a densely built up area will cause but localised damage 
due to the screening effects of surrounding buildings. 

On the other hand, narrow streets often produce a tunnel 
effect to blast pressure which is thus transmitted to a greatly 
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increased distance there to eia'ompass tlatnage of a siupiising 
extent— often kiiown as a freak effect. 

Actual e.xjMTieiu'e of Ixnnhing indicates that ni-ghTfing 
abnormal freak effects, the radius at which blast fiann a 5 (k> !b. 
H.E. bomb will shatter normal witwlow glazing in a city is 
nearer 70 yds, 

In carrying out comparative blast tests on glass Captain C. (1. 
Braslier usc*d test bombs consisting of 2 Ib. charges of blasting 
powder of an approximate la imposition of 15 {xn cent. ‘I'.N.T,, 
80 per cent, ammonium nitrate, and 5 jR^r cent, barium nitrate, 
contained in round glass fla.sks resting on 3 in. cast-steel tables 
placed at various distances from the target. In every case the 
flasks disintegrated so completely that there were no signs of 
splinters on the targets. The force of the (‘xplosions was such 
as to break up the tables on which the bombs rested. 

The distances of the bombs were said to be approximately 
the equivalent of a 500 Ib. H.E. Iximb at the ranges shown 
below■ 


Distance iif test 


tM|uival<'nt range i 4 

bninb frnm liirgt?!. 


5cm lb. IDE. immb. 

50 ft. 


. 251^ -200 yds. 

4 « 1. 


. 200 -160 „ 

30 .. 


, I5CX-I20 „ 

20 „ 


. too 80 

10 „ 


5 »”' 40 .. 


The tests were carried out on two windows glazed with a total 
of twenty-five panes of glass of which one was ordinary sheet 
glass unprotected in any way. The results of different methods 
of protection were studied in comparison with this pane. 

The full results were published in the Journal of the Air Raid 
Protection Institute, published in April, 1940, and to this the 
interested reader is referred. 

Concluding his report, Captain Brasher makes the following 
interesting suggestions:— 

1. Comparing results in the two window.s, it appears that the 
smaller panes, even if of thinner glass, are more resistant. 
This is interesting from the household point of view, since in 
general the smaller the house, the smaller the windows. 

2. The quality and weight of the glass is important, as is 
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shown by No. 2 (32 oz.), which resisted unprotected after its 
neighbours (protected) had been broken. 

3. There is evidence that, to a limited extent, protection by 
paper, cellophane and surgical tape is effective in retaining 
splinters, provided that it is carried over the frame to give it 
an anchorage. Of these methods, cellophane strips and surgical 
tape appear to be the most effective. 

4. More solid forms of protection, such as complete sheets of 
stout paper, millboard, or, preferably shutters, which, while 
they obscure light (in the case of shuttering, temporarily) are, 
on the whole, effective. 

Protection of Vertical Windows 

The scattering of broken glass can be reduced by :— 

1. Covering windows with wire netting of ^ in. or smaller 
mesh. 

2. Covering windows with internal light-weight screens, 
fitted close to the glass. 

3. Anti-scatter treatment. 

(fl) Generally. Panes of glass properly covered by adhesive 
" anti-scatter ” treatment will remain in place under mild blast 
even if badly cracked. Strong textile netting or other fabrics 
if firmly stuck to the glass afford good “ anti-scatter " protec¬ 
tion. Cellulose film, whether plain or self-adhesive, is affected 
by moisture ; a coat of good varnish applied as a water-proofing 
over the film helps considerably. 

Strips of material spaced apart can be used with good effect, 
but the closer the spacing the better. The strips should 
preferably be not less than in. wide, spaced with not more 
than 6 in. of clear glass between. 

A liquid coating is not expected to give effective anti-scatter 
protection on panes more than 4 sq. ft. in area. This class 
includes rubber latex, compositions containing rubber latex, 
with or without a sealing coat and synthetic resins. These 
materials are easy to apply, but they are liable to lose their 
protective value when exposed to sunlight. 

Before treatment is applied the glass should be clean and 
free from oil or grease. 
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(b) Textile Maieriah. NtJttings can he obtained either plain 
or ready-treated with adhesive. VVitfi the latter 

(i) Dip the netting in water for one or two seconds only, 

then shake out the excess water and apply tlie net to 
the glass, or 

(ii) Moisten the netting by spreading it on a wet cloth, or 

(iii) Wet the gla.s.s, and then apply the dry netting, patting it 

into place with a wet cloth. 

The material should be cut large enougli to allow for shrink¬ 
age and to permit of it being carried over the frames and stuck 
to them as well as tlie glass. 

Plain ungummed netting can be affixed with any <nuveuient 
strong adhesive, e.g., cold water paste, flour paste or gum. 
The adhesive is brushed freely on the glass and tlie netting 
pressed on. If the window is one which is exposed to hot 
sunshine, the addition of a little glyi-erine (say 5 per cent.) to 
the adhesive will help to prevent it from drying out completely 
and becoming brittle. 

A stronger and also a more waterproof job can be made by 
bedding the netting in a good elastic varnish ; a full coat of 
varnish is brushed on the glass, allowed to get tacky and the 
netting applied. Finally, a further coat of varnish is applied 
over the whole area. 

The following nettings have been approval on the basis of 
tests:— 


Ntm« Eft<l AeWffM of Miike»« 

R. E. Ashworth & Co. Ltd., 37 Stoney 
Street, Nottingham. 


Wallis Binch, New Basford, 
Nottingham. 

Black Bros. Ltd., Stoney Street, 
Manchester. 

Carey & Sons Ltd., 45 Broad Street, 
Nottingham. 

Ed, Cope & Co. Ltd., High Church 
Street, New Basford, Nottingham. 

D^brook Fabrics Ltd., Young’s 
Factory, Alfred Street South, 
Nottingham. 

John Dickenson & Co, Ltd., Home 
Park MUte, Kings Langley, Herts. 


Nuwtiifr w of N»ttittii 

(I) “ ^iinctitu largn 
(ii) ,, »mall iquiiwi. 
(Iii) ,» 

iqniirts* 

(i) Ho, aa. 

(si) Ho, 7682. 

Anti-ipllister ii«t. 

Splinter-proof neti, Nos, §643, 
027743, ®x©573* 0310135, 

No, 72 or No, 147. 

fi) Bemnlta Qwallty, No, 1* 

(*!} ♦* i» »» 

** Splinternet/' 
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Name and Address of Makers. Number or Designation of Nettings Approved. 

Dobson & M. Browne & Co. Ltd., (i) No. GF3698. 

DelBeta House, Nottingham. (ii) ,, GF3958. 

(hi) „ 10489-GF31694. 

Frymann Sc Fletcher Ltd., Clyde Splinter-proof nets. 

Works, Denison Street, Nottingham, No. 75894. 

75803. 

75763. 

M. Jacoby Sc Co. Ltd., Nottingham. No. 9387. 

Alexr. Jamieson & Co. Ltd., Darvel, No. 7505. 

Ayrshire. 

Harry Johnson (Nottingham) Ltd., No. 4508. 

38 St. Mary’s Gate, Nottingham, 

Key A.R.P. Products, Keystone Splinter-proof white netting. 
House, Adeline Place, W.C.i. 

W. J. & T. Lambert Sc Co. Ltd., (i) Back glued net. 

Talbot Street, Nottingham. (ii) Impregnated net. 

(hi) Mosquito net. 

Levin Bros. Sc Co. Ltd., Middle Pave- (i) No. 9061. 

ment, Nottingham. (ii) ,, 9062. 

Alex. Morton & Co. Ltd., Darvel, Anti-splinter nets. 

Ayrshire. Nos. 70, 70/1. 

R. Newbold, Kayes Walk, Notting- Anti-splinter, anti-dazzle, 
ham. 

A. Sc F. H. Parkes (Nottingham) Ltd., Nuart " anti-splinter net. 
Anglo-Scotian Mills, Beeston, 

Notts. 

C. & J. Robertson Ltd., Ladeside (i) No. ASi. 

Factories, Glaston, Ayrshire. (ii) ,, AS250. 

Stirling Bros. Sc Co. Ltd., Darvel, (i) No. 14960. 

Ayrshire. (ii) ,, 3496 i/X. 

Frank Tatham Ltd., 12 Plumtree No. 252. 

Street, Nottingham. 

L. O. Trivett Ltd., Trivetts Buildings, (i) No. A4558. 

Short Hill, Nottingham. (ii) ,, A4559. 

Wallace Sc Co, (Netherplace) Ltd., (i) No. Ai. 

Netherplace, Newton Mearns, Nr. (ii) ,, A2. 

Glasgow. 

George Walton Sc Sons, High Pave- Anti-splinter net. 
ment, Sutton-in-Ashfeld. 

J. Sc J. Wilson & Co. Ltd., Greenhead A.R.P. Nets. Nos. 830, 836, 
Mills, Newmilns, Ayrshire. 8694A, 9061. 

A. Herbert Wooley & Co. Ltd., (i) No. 0800/1. 

Nottingham. (ii) ,, 0801/1. 

(hi) ,, 0802/1, 

All the above nettings were supplied ready treated with adhesive. 

The following untreated netting tested in conjunction with 
various separate adhesives gave satisfactory results :— 

Whiteley, Stevens & Co. Ltd., Staple- No. 6152. 
ford. Nr. Nottingham. 
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The following nettings tested in (‘onjmuiinu with special 
varnishes or la<‘iiu(‘rs supplied with tftein for use tMith m the 
adhesive and as a subsecpient coating werc'^ fcniiul to be 
satisfactory. ^ 

o Bkavkh Anti-hhjnthe Vaknish anu NiaiiNo 

Beaver l*aint Cik LttL, au Tithelmm Htiwt, i, 

'i. C'KRHUX SlIATTKH-HHSlS'ilNO VahKIHII ANO' Hr.INROIIC'INO 

,Fabrics, Nos. t. i ano 3 

Celkm Ltd., Kingston“t>ieThiunes. 

3. AnTI-SI»L 1NTKK l^ACOUKR ANI> NkTTIA'O 

A, Holden Sc $om Borclenley Ctreen Utnul, l*it'iuiii;di-i,ni 9. 

4. Foochow SHArriiKBRooF C<meoinNO ano NKftiMo 

Donald Macpherson Sc Co. Ltd., Albion Street, Miiiichester. 


(c) Tkanspahent Films 

(i) The following materials 
by the B.K.S. 

1. Ckhlynu 

(In this case the film 
netting.) 

2. *' Ckllofhane 

3. *' Diobhahe 

4. EaYOPHA'NE 

5 . SlDAC ** 


have been approved aftt*r test 


Itritish Celtlyntl LttL. Bnrwell 
Works, i4‘a Bridge* Leyton, 
K. 10, 

was reintormi with light textile 

British Cellciptuine l4.d., ij-uo 
Stratford Place, W. t. 

Transparent Pa|K5r Co., Bury, 
Lancs. 

British Hayophitne Ltd., Wig ton, 
Ciiniberliind, 

British Sidac IdiL, St, Helens, 
Lancs. 


The tluckness of the cellulose film should be of 
not less substance than (m gm. |ku* scp metre. It is 
important that the adhesive be flexible. Ordinary 
liquid gum can be used if glycerine or treacle is added 
in the proportion of about i teaspoonfii! to 2 table- 
spoonfuls of gum. The adhesive should be brustied 
on the glass and the dry film applial with a roller, 
preferably in strips, say 4 in. wide, and placed side by 
side* 

(ii) Self-adhesive CeUidose Pilm. The follow'ing iimtermis 
have been approved:— 

I. A*R*P* WiKBow Tape British ’ Clellopliant Ltd., 

17-19 Stratford Place, 

W.i, 




ROOF LIGHTS (Type 16 and 16/16). 


Incendiary bomb tests were 
carried out on the single and 
double types in the following 
manner. The Lens on which 
the bomb stood in both cases 
was starred by drilling to rep¬ 
resent the fracture caused by 
impact of the 2 lb. bomb at 
400-500 ft. secs, and in the 
double lens construction the 
lower lens was also starred 
to give the most severe test. 
An Elektron bomb was then 
placed on the damaged lens, 
ignited and allowed to burn 
out. The effect on the lens was 
negligible and no change in its 
condition was observed. The 
construction remained gas¬ 
proof. 



{C(mr(i*Hy J, A, Kuifi & ('o.) 

L’k;. 310. 'Inoendiary bomb lest on Glascreie conslriiction, 


IFacin)^ 7x2. 





LAMINATED GLASS BRICK WINDOW (Typt M M). 

With i view to Mcertaininj the behaviour of ihiJ comiruction 
under dead toadlng conditloni. A panel 4’ 0* x 4‘ 0' jupported 
on R. S. J.i on four sides was loaded with cwt. cement sacks and 
deflection readlnfs taken. Test was limited to five tons due to 
the difficulty of erecting the cement sacks. Photograph on 
the left shows panel fully loaded and that on the right small 
cracks which developed on the underside when the R.S.l. 
support was removed on one side. 

Ultimate failure occurred when two side supports were removed. 

Deflection with one ton—.OS of Inch. 

Deflection with five tons--.23 of Inch. 


I'Ki. 311, I,<(;itlinK (rat on Climcrfic luiminn Ikui 




LAMINATED GLASS BRICK WINDOW. (Type 88/88). 

The object of this test was to discover the degree of resistance 
afforded by the type of construction against small projectiles, 
splinters and debris. 

The test was carried out with a .303 mark VII cartridge fired 
from a standard army rifle at 30 yards range, the bullets 
flattened completely on the lens surfaces and both the front 
and back glasses were cracked In each trial. In neither case, 
however, was there any glass dislodged from the back of the 
panel. The construction remained gas-proof. 

The depth of penetration of the bullet was between and 
—the striking force of the projectile was approximately 
2200-ft. lbs.— nine times that of a standard .45 revolver 
bullet. 

This construction provides a high degree of protection against 
machine gun fire from low flying aircraft. Photographs show 
front lens (left) and back lens (right) after test. 


{('ourlt'HV J. .1, KinfJi 

Fig, 312, “Inipact test on luminalod glass bri('k window. 




BLAST msmmc 



Criftol CmHrutilm iTypt 212) 

This cyp® of window mmm% of i of 
vercKaf r'«<nfofc®d cone rtf« myllioni 
ffoovid and iloutd to rtctiv# H rntmlmri 
which in turn providt poiitiv# nipport for 
tach |li« unit. On c«u, ban with.^ 
stood a scftii of nnt IS torn imr bar 
without ffactwr®, Thn wtmtmmn p«r. 
mies windows to b« built to any dtiiffd 
im, 



BLAST #qyii to $fKI4b. BOHA at 10 ydi. 

at 40 ydi. 

Georfian wir^d uniti, («fr thtm, rrarkud 
by first blast and dislodpd by itnoid bUst 
Pftssid l«ni®s c®ntrt yraffnetwd by hni mi 
second blasts “Armouf plate** ynits* rt|ht, 
uot^tettd by first blast but etnert unit 
blown out undamiged by second bliit^ 


BLAST to S00-lb. BOWi at 24 yd*. 

Remaindtf of w»rfd|l«iinir*Afttiriurplai«** 
shitttffd. fra|ment* f|{lm| 30 ft bathwAfdi 
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glass ind ’‘Armourplaie" diii to hihfoiii of 
metal H stciieni. Prtwed limes «ft» 
dimiged. 



fi «n»frs'. t L lutiii'»f"'w,l 

I'l«L jl.i. lIliiHt tOHtH im (ilaHrroto rultHtrih lirill. 



















BLAST RESISTING 

Grid Window Construction (Types 600) 

This construction consists of a series of 
vertical and horizontal exposed reinforced 
concrete ribs with glazing. Areas of any 
size can be built up in a number of units. 
Glazing, wired glass or armoured plate 
should be used. Opening lights or ven¬ 
tilators can be introduced where required. 
These may be cither the usual type or 
gas tight pattern. 


BLAST equal to 500-lb. BOMB at 40 yds. 

Georgian wired, left three, and wired units, 
right three, cracked. No glass dislodged. 
‘‘Armourplate” units, centre, undamaged. 
Slight displacement of brickwork. 


BLAST equal to SOO-lb. BOMB at 24 yds. 

Georgian wired units blown in to a distance 
of 6 ft. Wired units broken but hanging. 
*‘Armourplate*' units entirely undamaged. 
Slight cracking at back of frame at six 
points. 


{Courksy J. A. Kiiif* & Co.) 

Fig. 314.-Blast tests on Gla.screte construction. 






























BLAST RESISTING 



Double Gb« and tO‘Ad«btifm| Cm^ 
cmt# Construction (Typo I 2 I 2 | 

A coMCfucnofi tomprHuil 4 rtioforcid 
concrtJi urid, To lw*h %Hi$% flAii 
art flstffd. Cao bt crmiuuaid !o imfefmiit 
heigKi it\d widih md will mirmAllf cirry 
ihe^ w«t|ht of m own thickntu of bnck- 
work. 



BLAST equal to SOO-lb, BOH» it 40 yds, 

Georgian wiftcl left three, tricked out¬ 
wards radially None of the |lisi fill iway, 
Slight shelling of pressed lemei, due to 
inadequate tuihioning Bear flanng yn« 
damaged. 


BLAST iquil to $00.|b. iOHi it 14 ydi. 

Georgiin wired, left thr##, lyckid outwirds 
and fripenti fell GtoffiM wired « bmk 
cracked Nvt preiied Itniti ai Ifont broken 
and two it back criiktd "Armoufplict** 
lensei at back, fight. ufid»ffia|id. 



! I A'shC 

Fig, J15. --HhiMt lontHtiG (iluHt’i'iiiMjiiHfiiHindi 






















BLAST RESISTING 

Solid Glass Brick Construction (Type88). 

The lenses 8 in. by 8 in. plain on one side 
and Flemish pattern on the other. The 
sides of the lenses arc rebated to provide 
horizontal and vertical keyed channels in 
which concrete and reinforcing rods are 
used to form structural members. 



BLAST equal to 500-lb. BOMB at 16 yds. 

Slight shelling of one lens and pitting from 
bomb case otherwise all lenses undamaged. 
Slight cracking of concrete framing probably 
due to method of clamping frame at top and 
bottom only. 



NO FURTHER TEST. 

As it was decided that the limit of safety 
was reached in the first test no further 
test was conducted on this panel. Illus¬ 
tration shows undamaged rear face. 


{('(Htiiemy J. .1. King T'o,) 

I'k;. 3If)..Blast lost on Glascrcie construction. 
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2, Cerrux . . . Cellon Ltd., Kingston-on- 

Thames. 

(In this case the self-adhesive him is supplied together 
with a varnish ; the two together constituting the “ Cerrux 
Process. 

3. Durex . . . Durex Abrasives Ltd., Arden 

Road, Adderley Park, 
Birmingham 8. 

4, Sellotape . . Adhesive Tapes Ltd., Brunei 

Road, Old Oak Common 
Lane, Acton, W.3. 

5. ''Transotape " , . Messrs. John Gosheron & 

Co., 1-6 Beech Lane, E.C.i 

Self-adhesive film needs only to be pressed on the 
glass with a roller. As cellulose film is affected by 
moisture the treated panes should be given a water¬ 
proofing coat of varnish or lacquer. 

(iii) Cellulose Acetate Film. The following materials have 

been approved :— 

1. ''Buxom'* . . . B.X. Plastics Ltd., Hale 

End, E.4. 

2. Clarifoil ” . . . British Celanese Ltd., 

Celanese House, Hanover 
Square, W.i. 

3. Dialux . . . Dufay Chromex Ltd., 

Elstree, Herts. 

4. " Erinofort ” . . Erinoid Ltd., Stroud, 

Gloucester. 

5. Phodophane '' . . Messrs. May & Baker Ltd., 

42-43 St. PauFs Church¬ 
yard, E.C.4. 

(iv) Cellulose Acetate Film Reinforced with Textile Netting. 

The materials supplied by the following firms have 
been approved by the B.R.S, ;— 

1. Cellofabrics Ltd., ii Gillingham Street, S.W.i. 

2. Messrs. Dobsons & M. Browne & Co. Ltd., DelBeta 

House, Nottingham, 

3. Dufay Chromex Ltd., Elstree, Herts. 

Cellulose acetate film cannot be stuck to glass 
satisfactorily with ordinary gum or paste, but manu¬ 
facturers can supply suitable adhesives or suggest 
recipes. 

(v) Self-adhesive Cellulose Acetate Film. The film marketed 

by the following firm has been approved :— 

Durex Abrasives Ltd., Arden Road, Adderley Park, 
Birmingham 8. 
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(d) Strip TuF.ArMKNi's 

Suitable materials for strip application inclwli!; - 

(i) The transparent cellulose and cellulose ai'etati; films 

mentioned above. 

(ii) Self-adhesive cloth tapes pressin;.; these on the glass 

with a warm iron helps them to stick better. 

(iii) Any strong textile material stuck on the glass. 

(iv) Metallic strip applied with a suitalde adhesive, 

One such which has been te.sted ami approved by the B.R.S. 
is " Perma Led,” supplied by : — 

Pkrma Lki) Mktai. Co. LUl.. 41 KiuR William Street, K.C.4. 

(e) Liquid Coatings 

Two approved materials are :— 

r, " Ari>co ” . T'he Calico Printers’ AsstK'iation Ltd,. St. James 
Buildings, Oxford Street, Manchester i. 

2. " Slick ” . Slick Brands Ltd., Waddon, (Toydon. 

At least two good coats, in addition to any priming treatment 
recommended, should be applied. For large panes of glass, 
liquid treatments alone are not recommended. 

Roof Glazing 

In protecting roof glass, give special attention to retaining 
weather-proofness after fracture, and to precautions against 
injury to (Hpiipineut by falling glas.s. Temporary weather 
protection is given by covering the glazing externally with a 
suitable hessian bitumen treatment. Support can be given by 
wire netting, which should be close up to the glas.s. To prevent 
all glass from falling some strong sheeting material must be 
securely suspende<l under the whole glazed area. 

Glass Substitutes 

Translucent materials pos,ses.sing a light transmission 
approaching that of glass are at present difficult to obtain owing 
to the demands for aircraft production. Flexible cellulose 
acetate materials, reinforced with metal or fabric mesh are, 
however, obtainable. Alternatively oiled or waxed fabrics 
may be used. Suitable opaque materials, apart from boarding, 
are bituminous sheeting, felts, asbestos cement sheet and 
plaster boards. 
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Shop windows are prone to danger by blast because of their 
large areas. Within 200 ft. chance of survival is small. 

The danger of flying glass is in no way eliminated by any 
bracing device. It is useful to provide a flexible setting for the 
glass. The following methods are available :~ 

1. Boarding up external display windows. 

2. Bricking up the display space. 

3. Improving panelling behind display .spaces. 

4. Wire netting. 

5. Blinds and curtains. 

6. Adhesive treatments. 

Liquid coatings and paper strip are not recommended for 
plate glass. 

Substitutes for Glass 

Flexible substitutes may be either translucent or, where 
permanent obscuration is required, opacpie. Most translucent 
substitutes are at pre.sent made of syntbelie re.sins or cellulose 
substances reinforced with metal or textile me.sh. 

Alternatively cotton or linen textiles may be used ; these 
are not ordinarily windproof or rainproof, but may be obtained 
suitably treated with cellulose lacquer or with boiled linseed 
oil. Where permanent obscuration is required the following 
materials can be used :— 

1. Roof Glazing. Galvanised flat sheet steel, composite 
sheets of asbestos and steel, hard wallboards, and flexible 
opaque materials such as combinations of wire mesh and 
bituminous sheeting. 

2. Vertical Glazing. The materials described and in addition 
bituminous sheeting, plywood and plaster board can be used. 
Firm fixing is undesirable. 

Glas-Crete* 

Figs. 310-318 inclusive, reproduced by courtesy of J. A. 
King & Co. Ltd., illustrate incendiary, loading, impact and 
blast tests carried out on Glas-crete constructions developed 
by J. A. King & Co. Ltd., with Pilkington’s glasses. 

In the blast tests a 2 lb. glass-cased bomb providing a blast 
at I ft. equal to a 500 lb. bomb bursting at approximately 

310-31771 2-713. 
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12 ft. was u.sed. The bomb.s were Imng from a wire rojjt* in 
front of the centre of the panel at the appiopi i.ifc (tistance.s. 
This wa.s considered to be the most satisfactory arrangement 
to obtain the effect.s of pure blast {rerpendicular to the panels. 

In view of the results obtained on the window construct ions 
in the tests it was considered unncct-ssuiy U> carry out l»last 
tests on the roof light constructions. These types will carry 
the maximum dihris load of 4tM) Ih, |)er ft. su[)er lequircd hy 
the Ministry of Home Security. 

From these test results it will be seen that the radii of the 
vulnerable areas to pure blast from a 5 (h> lb. H.IC bomb in the 
open are reduced from J(K> yds. for ordinary unprotected glazing 
to the following 


80 yds. radius . 

Type 222 using wired glass, 

riK N» 

.11 3 

40 

II * 

,, 6ck)/ 3(K) using wired glass. 

314 

40 

II • 

„ 1212 using wired glass. 

31.S 

40 

II • 

,, 222 using armour jilutc glass. 

313 

24 

11 • 

,, 6<k>/joo using armour plate. 

314 

24 

II • 

„ 222 using pressi'd lens. 

313 

24 

II * 

,, 1212 using pressed lens. 

31.1 

24 

II • 

„ 1212 using urnjour plate. 

31.5 

16 

II * 

88. 

316 

14 

II « 

„ 88 A. P. 

317 

12 

1» <1 

„ 88/88. 

318 


WAR DAMAGE REPAIR 

When a building is bombed the hx;al authority, acting under 
the Ilou.sing (Emergency Powers) Act, 193*),and the 
Essential Buildings and Plant (Repair of War D.uu.igc) Act, 
1939.”® are empowerai to enter in and repair war damage if 
they decide that the buihling is wanted for Icxtal housing or 
essential services. 

Housing 

The Housing Act states that the loail authority can act 
where they are satisfied : 

{a) That any building, whether a housti or not, is in any 
respect unfit for housing purposes by reason of war 
damage; and 
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{b) that the building is capable at reasonable expense of 
being rendered fit for housing purposes ; and 

(c) that the lack of housing accommodation in the area of 

the authority makes it necessary that the building 
should be rendered so fit; and 

(d) that the person having control of the building is unable 

or unwilling to carry out the works necessary to render 
it so fit. 

Procedure under the Act defined by Ministry of Health 
Circular 1810, issued in August, 1939, further clarified by 
Circular 2144, issued in September, 1940, involved the 
immediate execution of " first-aid ” repairs, e.g., “by placing 
a tarpaulin over the hole in a roof or by temporarily boarding 
up a hole in the wall.” This can be done without any notice 
being served on the occupants or owners. 

First-aid repairs “ confine the repairs to the minimum 
necessary to make them reasonably fit as housing accommoda¬ 
tion in war-time.” 

Essential Buildings other than Housing 

The Essential Buildings and Plant (Repair of War Damage) 
Act, 1939,’-^® gives similar powers to the local authority where 
they are satisfied : 

(«) that any building used for purposes which . . . are 
essential to the welfare of the civil population has 
become wholly or partly incapable of use for those 
purposes by reason of war damage ; and 

{b) that the buildings can be rendered fit . . .* at reasonable 
cost; and 

(c) that lack of buildings available for the said purposes 
makes it essential that the building should be rendered 
so fit. 

In this Act, explained in Circular 1848, issued in September, 
1939, buildings are listed under the headings of the “ appro¬ 
priate Government departments,” whose responsibility it is to 
decide whether the buildings are “ essential," e.g., bakeries, 
under the Ministry of Food, hospitals under the Ministry of 
Health, etc. ” Generally speaking, the object of the Govern¬ 
ment is to ensure that the necessary funds for the repairs of 
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such buildings will be availuble bntii for loi’ul authorities and 
private owners, but there will be u distinction in that, while 
in .some cases it will be the duty of the local authority to 
carry out repains to certain classes ol Imildiiu;;, in the cast! 
of the ordinary jirivate owner loans will (»n!y be available if 
he is willing but unable, without linancial assistance, to carry 
out the necessary work." 

Compensation for War Damage 

Compensation is of first concern to private building owners. 
An Asse.s.sment Committee ri'viewing the (juestion of dainage 
assessment recommended that, <fxcept in the case of buildings 
such as churches, hosjiitals, etc,, which have no astantainuble 
market value, damagi? " to immovable property .slKiuId be 
assessed at tehichever is the less 

(a) the cost of reasonable reinstatement estimated by 
reference to the level of Intilding costs prevailing in 
Marcli, itjj4, credit being taken for the oUl materials; 
or 

{b) the diminution in market value, i.e,, the difference 
between the market value of the piojtcily in its 
condition immediately before the damage occurred 
and its market value in its damaged <-ondition, the 
value in each case to be calculated oti the basis of the 
market values prevailing in March, irjjtj, a-ssuming the 
property to be freehold in |K)Ssession and free from 
encumbrances and from any burden, charge or restric¬ 
tion other than rates and taxes." 

When a House hM been Bombed, but it still Habitable 

The owner should notify the Itjcal council, who will under¬ 
take " first aid " repairs to the extent of making the house 
weatherproof and watertight. The cost of thtm* refmirs becomes 
a charge on the property to be deduettsd from any sum the 
owner may be awarded as compi-nsattuu. 

This comiiensatiou will be paid at the end of the war, but 
the amount will depend on what funds are then available for 
the purpose. 

The repairs will be confined to essentials and will not include 
redecoration. A tenant remains respotaible for the payment 
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of rent as long as the house is fit to live in, and rates must be 
paid while the house is occupied. 

When Damage by Bombing is so Severe that the House becomes 
Uninhabitable 

The position in regard to repairs is the same. To escape 
payment, a tenant should serve on the landlord a notice 
disclaiming the lease. 

When a House is Damaged beyond Repair 

The owner can do nothing beyond arranging for the district 
valuer to assess his claim. A tenant is entitled to disclaim 
the lease. 

When a House is Owned on Mortgage 

The owner on mortgage is in the same position in regard to 
repairs as if he owned the property outright. Even if his 
house is destroyed the mortgagor is still responsible in law 
for the mortgage repayments and the interest on the mortgage, 
but under the Emergency Power Act he can obtain relief from 
mortgage repayments. The Act provides for the postponement 
of payments, but does not relieve the owner on mortgage of 
eventual responsibility. 

When the Tenant has a Repairing Lease 

Provision has been made to relieve the tenant of liability 
to make good air raid damage. Relief from liability to pay 
rent does not apply to the case where a time bomb has compelled 
the tenant to evacuate premises temporarily. Shops where 
windows have been broken, plaster dislodged and fittings 
damaged by a bomb are not held to be unfit for business within 
the meaning of the Landlord and Tenant (War Damage) Act. 

V.O.W. 1 

When a building is damaged the owner or his representative 
must submit claim form V.O.W. l within thirty days to the 
District Valuer. The form can be obtained from the local 
authority. 

V.O.W.i is the bare statement of claim. The form will be 
submitted by the District Valuer to his local valuations panel 
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consisting of professional men who are empowered to judge 
the merit of each claim, to raise it if necessary or to reduce it. 
Full bills of (piantities or an elalxuMte schedule will .seldom he 
necessary. Idrst-aid repair.s carried out by th<‘ owner should be 
added to the claim on V.O.W.t. I’rofessional fees, pn»p<Tly 
incurred, for the preparation of jdans and tpiantities and for 
sujH'fintendeneeof the work should Ik* included in the " costs of 
reinstatement " and are payal>Ie at once without waiting for 
receipt of compensation at tlu; end of tlu* war. 

Putting the Work in Hand 

Once V.O.W.i has been sul)mitte(l the owner lias tlone all he 
can do to claim compensation. He need not wait until his 
claim has been accepted tjcfore starting repairs. If his Iniilding 
is regarded as e.sHentiaI the local autliority will start work, but 
civil building of all sorts costing more than £500 is controlled 
by the licensing system. 

Materials 

The fullest passible use of salvaged materials is reromuieiuled 
and the use of standard temporary eovei ings: " rooting felt, 
waterproof building paper, asbestos sheeting should be ifganh'cl 
as the normal method of repair." 

FIRST AID REPAIRS 

Policy 

The official policy is summarised in the aliening remarks in 
the section on War Damage Repair earlier in this chapter, but 
private owners of business premises and buildings used for 
human habitation are reminded that delay in first air repairs 
merely tends to increase tlie damage owing to rain, snow and 
frost, apart from the fact that the contents of buildings are liable 
to serious damage by expusun- to the weather in a building 
partially damaged through air raids. 

Repairs to the least tlainaged houses have already been 
carried out by municipalities and private owners. Speed is 
essential so as not to overload rest centres already full due to 
vacation of areas on account of time bombs and dispossession 
of premises damaged beyond repair. 

Subject only to the prior claims of rescue, the setpience of 
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operations in llrst aid repairs should be firstly to deal with the 
safety of the premises and secondly to deal with the comfort 
of occupants. 

In order to ensure safety in partially damaged premises 
demolition of unsafe sections may be necessary and the decision 
of an expert on the spot is often needed in a number of cases. 
Whilst a partially demolished wall may be useless in the case 
of any particular building, it may function quite satisfactorily 
as a buttress to the adjoining premises and care should be 
taken in demolishing such walls as expensive shoring of other 
kinds, might thereby be found necessary. 

Next in order of importance would come the repair, stopping 
off or isolation of the several services to the damaged building. 
A gas installation should be turned off at the main and 
thoroughly tested before service is again turned on as the 
danger of fire through escape of gas would, of course, be a very 
real one. The same remarks apply to the electricity installation, 
and although the danger of leaking water is not quite so severe 
the damage it could cause would be sufficient to justify the 
closest attention to the whole installation before the water is 
again turned on. 

Having attended to the measures required for the safety of 
the structure the considerations of comfort for the occupants 
will then need attention. There is no doubt that priority must 
be given to rendering the structure weatherproof, and subject 
only to the requirements of safety the roof should first be 
attended to and then blown-in windows and doors. 

It will be quite evident that work of this nature cannot be 
dealt with by the building industry in accordance with the 
normally accepted methods of rendering lump sum figures or 
pricing up bills of quantities against a prepared specification, 
and the method adopted by local authorities is to appoint 
listed local contractors on a prime cost basis or for individual 
owners to employ private contractors in a similar way. 

Materials and Methods 

Roofs. Wherever possible it would be desirable for roof 
repairs to be carried out with materials which will effect a 
permanent repair, as the cost of ladders, scaffolding, etc., 
especially when procured and erected in war-time, would make 



mil. DliFENCK 


^ 2 ^ 

an inlnrim tcmiHnary repair an iinndinately expensive j)n>ee- 
(lure. Tarpaulins may, of I'oiirse, (irove of eon.sitlei able use in 
tenijiorary roof repairs jiroteetiiij^ vaiualileeoiiteuis of liuikUng.s 
in exeejitionally inelement weather. <>u the other fiaud. if left 
in position for any length of tinu' thc-y are liable to tie dangerous 
in high winds iuui easily dislodge fuither partly damaged 
sections of the structure. 

In industrial buililin|;s roofing felt may In* used with success 
provided tins i.s two or three-ply, reinforced to deal with 
internal wind pressure which is likely to tn'ciir in structures of 
this kind temporarily repaircti, it will, of coutsr% lie necessary 
in installing felt roofs to consider proper .iti.iugfinenls for side 
and end laps in order to give the ii-ipiidte wr.iiheiiag and also 
to make a thorough examination of the flattens and rafters 
upon which the felt is fixed. In tlie ease of d.uu.igi-d tiles to 
the roofs it is desirable always to refix the original tih*s if 
possible in order to make tlte repairs reasonahly iiermanent. 
On the other hand, tliert* have been many eases of suceessive 
damage to roofs and in the case of roofs covereil with hand¬ 
made tiles laid on battens without any lining tliereto the 
construction i.s particularly vulnerable tfi darnag«> by blast 
pressure and tiles may be fi-xed ami refixed time and time again 
when suhjecteil to repeated damage by blast. 

When roofs timbers are badly burnt ordaui.igctt by blast or 
splinters it will be necessary to replace them before the roof 
is repaired with tiles or slates, and this intrmiuces considerable 
difRciilties owing to the shortage of timber of any .scantlings, 
'riiere is no doulit that a rtaif once damaged by blast is very 
difficult to make reasonably sound and free from draughts. 

Witli the object of meeting tlie.s«! difficulties, the author has 
evolved a new type of roof material which is reruleretl rion- 
inflamnuible in manufacture, is flexible and has a high degree 
of thermal insulation with a view to the constirvation of the 
heat as well as the provision of protection against the weather. 

Brief particulars of this flexible roof material are given 
below :™ - 

Flexilherm Matmal | in. thick. 

Weight ..... I lb. jwr sq. ft. 

Tensile strength. . . . q.tKW Ib. f>er ft. width. 

Safe unsupported span on roofs . 20 ft. 
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Overall thermal transmission . 0-4 B.Th.U. per sq. ft. 

per hr. per deg. Fah. 

(Still air inside. 15 m.p.h. wind exposure outside.) 

Equivalent to bituminous roofing on 7 in. concrete roof slab 
or .12 in. concrete walls. 

Sizes available normally 20 ft. by 3 ft., but any size and 
thickness can be made up. 

Non-inflammable, weatherproof, flexible, durable and 
camouflaged. 

This is obtainable from Messrs. Wallington, Weston & Co. 
Ltd., St. John’s Mills, Frome, Somerset. 

Illustration A, Fig. 319, shows the use of the material in 
the repair of damaged cottages, in which the whole of the roof 
timbers have been either burnt out or otherwise destroyed. It 
will be seen that the material, which is suitable for unsupported 
spans up to a length of 20 ft., is ideal for this purpose as it 
can be fixed with no support between eaves and. ridge, this 
latter being provided by a steel joist, timber or a reinforced 
concrete beam. 

In the case of large spans in war buildings—^workshops, 
aircraft assembly areas, hangars, etc.—the roofing material 
can be supported on a suspension bridge type of structure in 
which the steel required per square foot of floor space is reduced 
to the very minimum for structures of comparable span. 

Illustration shows the combination of the author’s pre¬ 
cast reinforced concrete three-pinned portal frame construction 
with the suspended roofing material which spans from the eaves 
beam Ei to the ridge beam F^. The provisions for the 
weathering are clearly shown on the enlarged details, the side 
seams being finished as shown in detail H^. 

When fixed in the ways indicated, the material provides 
complete weather resistance with a very high degree of 
thermal insulation as well as flexibility, which is so important 
a property when blast pressures have to be dealt with. 

As already pointed out, rigid roofing materials are easily 
fractured and shattered by blast pressure, whereas flexible 
materials which yield to pressures from blast are able to 
survive much longer in aerial bombardment. The whole of the 
upper surface in use is rendered quite imperforate, but any 
holes caused by splinters can easily be fiUed in with Flexitherm 
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plastic on an underpatch as shown in detail Ji, the surface 
being finished with a thin rubberised reinforced patch on the top. 

In war conditions, owing to the scarcity of structural steel, 
the amount used in building construction has often a 

Table CXXX 


War-time Structures. Made to Comply with the 
Riccommendations on Pp. 721 et seq . 


FiK. 

Type. 

Keniarks. 

Span ill 
fuct. 

Height 

to 

(•avus, 

ft. 

Lb. of 
sted 
p(>r 

squaru 
foot of 
floor. 

Co it 
por 

square 
foot of 
floor. 

T’agc 

No. 



/ Steel-framed building with 






273 

A 

6^ concrete floor, 14'' brick 

20 

10 

5*1 

11 /- 

594 



( walks and cor. iron roofing. 






$ > 

B 

»» M n >> 

40-60 

10 

5-0 

8/- 

594 

f 1 

C 


15-60 

10 

5*2 

8/2 

594 

1 1 

1) 


40-60 

xo 

5*3 

8/2 

594 

»> 

H 

n t f pf M 

40-Oo 

10 

5‘4 

8/1 

594 

1 1 

F 

t $ >1 M yf 

15-60 

10 

5'0 

8/1 

594 

P 1 

G 

t i ) > i p M 

40-60 

10 

5*5 

«/.I 

594 

» > 

H 

II II II II 

25~4>0 

10 

5*5 

«/-I 

594 

> i 

j 

If n If II 

15-60 

10 

5'2 

8/2 

594 

1 1 

Jv 

II II II II 

^5 

lO 

(>■0 

12/- 

594 

f } 

L 

II II II II 

35 

10 

(>•2 

X2/- 

594 

i 1 

M 

I 1 11 II II 

100 

10 

8*0 

13/- 

.594 

t P 

N 

If It If It 

40-70 

10 

7-0 

«/- 

594 

1 1 

0 

II II If If 

80 

10 

7'5 

7/10 

594 

11 

P 

II II If II 

120 

10 

8*2 

I2/l) 

594 

» 1 

(.j 

. (part 








boarded flat) . 

30-80 

10 

9‘0 

•5/- 

594 

274 

K 

R.C. frame, slab roof, 14" walls 

^ 70 

10 

5-0 

15/6 

595 


S 

n II II II 

15 

10 

4*5 

12/9 

595 

1 f 

T 

II II II II 

70 

10 

4-8 

12/10 

595 


IJ 

,, sheeted R. 14''walls 

20 

.10 

4-9 

n/- 

595 


V 

,, slab R. 14'' walls . 

15 & 60 

TO 

4*5 

10/6 

595 

i 1 

W 

,, sheeted R. 14'' walls 

20 

10 

4*0 

13/- 

595 

1 » 

X 

n II If II 

60 

TO 

3*0 

10/- 

595 

P * 

Y 

slab R. 14" wails . 

40 

10 

3*2 

u/6 

595 


2 

20 

10 

4*5 

12 /- 

595 

269 


Class 5 protection 

30 

TO 

15*0 

£ihh 

5B5 

319 

Cl 

Suspension .... 

150 

TO 

4*0 

loh 

724 

319 

Cl 

,, .... 

600 

10 

2*5 

9 h 

724 

3^9 

Di 

3 -pin arch with suspension 








roofing . 

50 

10 

T'O 

5/6 

724 

320 


3-pin arch with ordinary 








roofing .... 

32 

TO 

I*i 3 

6 /- 

728 


JSIotn, In the above table reinforcement required for supports is included 
in the figures given. 

Costs are estimated on a uniform basis as at March, 1941, 
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dominating influence upon the selection of the type of building 
erected. 

Table CXXX, p. 725, summari.ses the steel ie(pure(l in the 
various designs illustrated in this work and einirhasises the 
economies in steel to be effected by the adoption of the design 
indicated on illustration Dj, Fig. 319, p. 724. 

Figs. 320 and 321 indicate details of the author’s pre-cast 
reinforced concrete three-pinned arch construction, which has 
shown con.siderable economie.s in steel, cost anti time of con- 
strirction of war-time buildings (.see Table CXXX, p. 7^5). 

Windows. In first aid repair to windows, replacement of 
frames or the improvisation which is possible with salvaged 
timber, due regard should be paid to tire weathering of the 
structure, and wherever possible the recesses in the walls should 
be utilised properly to provide this. Tlu( placing of felt over 
the frames on the outside keeps out the weather and by this 
means most buildings are maintained in a habitable condition 
while the electric light services are working. 

The heat insulation of felt is, however, low, and the con¬ 
struction is draughty, resulting in many complaints of the cold. 
Reinforced cellulose acetate is ideal as a first aid material for 
windows and is not so subject to damage by blast and permits 
of the transmission of daylight. 

Whilst the permanent reduction in the area of illumination 
through windows is not recommended, it may be reiiuunbered 
that sufficient daylight may be admitted through about half 
the normal window area provided this half is at the upper 
portion of the opening. A .square foot of window area near the 
ceiling is very much more effective than the same area lower 
down. 

Internal Partitions, Internal partiiiouing is most easily 
repaired by means of studding and felt. Bituminous insulation 
board is difficult to obtain, as are most of the fibre board.s of 
the insulating or of the hard.board variety. Holes made by 
small splinters can easily be patched over and the decorations 
made good, deferring more substantial repairs until a more 
propitious moinent. 

External Wadis. The obliteration of splinter marks on the 
exteriors of buildings except in the case of those of a monu¬ 
mental nature or of national importance is deprecated and is 
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a needless waste of material. On the other hand, perforations 
due to splinters can best be made good by means of cement and 
sand, deferring any further treatments until the permanent 
repairs are undertaken. Such walls after repair can be protected 
against the weather by means of roofing felt spiked on with 
protective battens as necessary, but this will only be found of 
importance in the case of very exposed sites. 

NOTES ON SINGLE-STOREY WARTIME FACTORY 
DESIGN 

Generally 

Intelligent development of design methods in the light of 
recent bombing experience can do much to minimise damage 
under aerial bombardment. 

The dangers are, in order of severity 

Fire by incendiary bomb. 

Brisance due to direct hit. 

Blast pressures from near miss. 

Splinters from local H.E. bomb burst. 

Earth tremor from bomb impact. 

Settlement due to cratering at near miss. 

War experience in this country has shown that far more steel 
frame buildings are destroyed or damaged by fire than by any 
other bombing effects. The obvious precaution is to utilise 
fire-resisting materials wherever possible and to limit the 
combustible materials used to the essential minimum. 

Decentralisation by planning small isolated buildings is at all 
times preferable to the erstwhile tendency to large centralised 
establishments. Experience has shown that in the event of a 
direct hit on any part of a large single-storey factory building, 
all the roofing, sheeting and windows are destroyed. 

The advantage of division of the factory into separate 
groups of buildings each containing small production units will 
therefore be apparent. 

Framing 

• As already pointed out, load bearing walls are a source of 
danger and loads should therefore be carried on framework to the 
foundations. In the design of any framework, consideration 
should be given to the possible effects of displacement of 



FACTORY EXTENSION 
AT UPTON 
1940 



THIRTY • FIFTH 

COPYRIGHT 
PATENT APPLIED FOR 
REP. 12B44/40 


DAY 21 IS 40 

BUILDING ‘ 121' K SO' 

TOTAL TIME • 5 WEERS 

INCLUOIKQ MANUFACTURE OP 
MOULDS, CASTING OP UNITS, 
ERECTION, LIOHTINO fr HEAIINO, 

decciratiho 5-blackout 


ALL-IN COST • 5/te 
PER 8 CJ.pt. op floor SURFACE, 

AVERAGE N«OP MEN EMPLOYED 

22 

MAXIMUM HP OF MEN EMPLOYED 
35 


ON A BUILDING OP 48 . 6 OO SQ.FT A 
SAVING OF £ 7 , 880 , 200 TONS OP 

STEEL AND S MONTHS IN CONSTRUCTION 
TIME IS SHOWN AGAINST A STEEL FRAMED 
ftUILDINO OF THE SAME SIZE 
SEE PLAN NP 670® 

STEEL REQUIRED MS LB. PER SQ.FT 

C.W.G LOVERj^PARTNERS 

CONSUtTlltO SKOlHeSAS ANO AACHlieCfl 


WAR OFFICE APPROVAL NP 

JM/798/O.G(FWJc) S’ 7-40 


COMMENCeO I 7 ’S ‘40 

FIHfSKEO £(*<340 


Fig. 3 TO.-—Fii*t-r«iitiag wartime bwildiag deiignecl to itieet the ihortafe 

of timber aad steeL 


c o 





















730 


CIVIL DEFENCE 


foundations or partial damage to the frain<‘. and jctiiits bctwetai 
members in steel or reinforced concrete should therefore lie 
designed to permit of this movement without introducing 
progressive; destruction to other secti<ms of tfie structure. 
Provision for this movement is easier in st<‘el-fran!ed buildings 
than in the case of the normal type of reinforeed eouerete 
framed de.sign in which monolithic continuity is a sinr qua mm. 




Fio. 3ii/‘-Srtowirig iulaptinbility of .ppinnw.i portitl frjtiiitm to oiovtooftru of 
foondutionfi witlunit k»?i of sitructurHl fttiihility or the of 

dangerouii ntmmm. 

With the author’s special reinforced concrete design sltowti 
in Figs. 320 and 321 and in which tlie three pinned arch {K>rtal 
frame is utilised, considerable displacement of any individual 
foundation may take place without oveistn v.ing any other 
sections of the structure (see Fig, 322). 

The whole of the units pre-cast in vibrated aluminous 
cement and reinforced with plain bars are connecterl on site 
in such a way as to permit of the complete removal of any of 
the units without causing progressive failure to the rest of 
the structure. 
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It will also be seen from Fig. 320 that phenomenal economies 
in steel, cost and construction time are possible by this method. 

In steel-framed buildings also the sudden removal of one 
member should not bring about the collapse of the remainder. 

The chief risk to roof steelwork is the sudden shearing of 
the stanchion cap connection, which in war-time structures 
should consequently be made stronger and wider than is 
normal. If the stanchion spacing is no more than 30 ft. in 
either direction and the steelwork passing over supports be 
made continuous, the complete removal of one stanchion 
would not as a rule result in the fall of the roof girder work 
which is usually at such a point relieved of its sheeting load, 
the covering having been blown off. 

Roofs 

Explosions inside factories tend to blow the roofs upwards, 
and the following precautions should therefore be taken :— 

1. In the design of the framework provide for upward lift 
equal to the aggregate breaking load on the fixing bolts for 
the sheeting. (Note. The limitation of fixing bolts, to one 
to every 8 sq. ft. of sheeting, usually ensures the break away 
of the sheeting without imposing excessive upward lifts on 
purlins and trusses.) 

2. The temporarily lifted roof load may be suddenly applied 
in the downward direction after the explosion if the sheeting 
holds, and this, combined with suction effects, may cause 
stresses well up to the elastic limit of the material. 

3. The use of angles in lieu of fiats for ties results in added 
stiffness and is always to be recommended. 

4. The liberal use of wind bracing (at least twice the normal 
amount) will do much to minimise the danger of spreading 
collapse. 

In the case of fiat roofs designed to give the specified over¬ 
head protection against shell fragments and small incendiary 
bombs—such as by a 4-in. reinforced concrete slab—these 
should be designed for and anchored against an internal blast 
pressure equivalent to at least an upward lift of 100 lb. per 
square foot. 
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Walk 

External walls of war-tinu* factory huiklings shoukl he self¬ 
standing and imperforate to a height of 7 ft. fonstriu'ted of 
materials and to the appropriate tliicknessrs n-quit.-i! foi- 
splinter protection (see Table X, p. .{k). The walls shonhl 
not be bonded to the casings of the stanehions supporting roof 
steelwork so us to permit of their yit'hling to blast ptf .sun- 
without transmitting e.xeessive lateral pressures on the fi.imiii;;. 
It is advisable that tlie space between the to}> of the walls ami 
the eaves of tlie building slunild be tilled with some brittle 
material which would blow harmlessly on to some anti seat ter 
protection consisting of large.mesh netting iised to tlie steel 
framing beliind tlie sheeting. 

Corrugated iron e.Kternal sheeting to walls of framed buildings 
is not recommended for the reason that it transmits to tin* 
framing the full force of blast pressure from bombs bursting 
near the buildings. 

Internal partitions slumld in* avoided if pti. ,ibli-, but ean 
.safely he made of ojien wire netting or libre board whieli would 
not shatter under the effects of blast pressine. Asbestos 
cement, glass or other brittle materials sliould In* studiously 
avoided in war-time structures used for human nr. up.ilion. 

In large buildings sulxstuntial internal jiartitions eonstruetrsi 
to the thicknes.ses required for splinter piolc. linn ar»* n cttn- 
•sidcrable advantage as they serve to IfK'alise tlie effects of 
direct hits. 

Roof Coverings 

Coverings of an imyielding brittle nature should be l arefully 
avoided, but in cases where purlins art: provid.-d with the 
framework, conugat>'d iron, K.P.M. or Durusteel provide ideal 
sheeting materials. They withstand blast piessuie from 
external near mis.ses to a much greater extent than asbestos 
cement roofings ; they can l>e {Mjrforated with .splinters without 
shatb'ring and blow off comjdcfely without imposing undue 
stresses on the framework when subjected to presstire by blast 
from a bomb bursting within the building. 

In fixing insulating linings, these should on no account be 
placed under the purlins, as when so fixed the linings would 
impart a dangerously excessive upward lift to the roof purlins 
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and framework when subjected to internal blast pressure. 
Some form of reinforced flexible and insulating roof covering 
such as Flexitherm, described on p. 722, is ideal for war-time 
structures. 

Owing to the danger of shattered glass, war-time factories 
should preferably be designed with the minimum of window 
and roof lighting which should be provided by a reinforced 
flexible glass substitute. 

Services 

In installing services in war-time factories careful con¬ 
sideration must be given to accessibility for repair and protec¬ 
tion against bomb damage. In providing the latter it is not 
suflicient to bury services deep in the ground, as earth move¬ 
ments may often cause serious breaks. A central trench for 
services down each bay together with ring mains giving 
alternate service routes are probably the best arrangements. 
The trenches must be protected with the head cover specified 
in the code (see p. 525) and mains supported freely with long 
suspenders on wall brackets so as to permit movement of the 
trench without rupture of the mains. 

Animals (see also pp. 536-548) 

The protection of the animal population, which aggregates 
over 100 millions in this country, is of paramount importance 
in war-time. 

Milch cows must be protected in order that the supply of 
milk, vital to the welfare of the population, be maintained ; 
livestock for the meat market; and horses for draught (so 
much more necessary in the days of petrol rationing) are 
essential to the preservation of this country in war. 

The public itself must be protected from the danger of 
injured and frenzied animals rushing about in air raids. 

The principal animal welfare societies, including the under¬ 
mentioned, have amalgamated their activities under the 
Ministry of Home Security and are operating as the National 
Air Raids Precaution Animals Committee ;— 

The National Veterinary Medical Association. 

The Royal Society for the Prevention of Cruelty to Animals 
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The I\>()i)k''s l)ii4]>cns:iry ft>i‘ Sick Animal''. 

Our Dumb l-”ri{>ntls League. 

Scottish Socic'ty for the Lreveution of Ciueltv to Auimals. 

National Canine Defence Leagm*. 

West of Scotland Society for the I’reveiition of ( ruelty to 
Animals, 

A large voluntary organisation of Animal (lU.utls has been 
recruited and a census of the animal jjo[mlation has been 
made. 

Identity discs have been distributed and uflixed to all 
animals which might get lost in air raids. 

Animal lirst-akl posts have Ijcen set up throughout the 
country and fleets of mobile units eiiuippi'il for first aitl and 
with special c<uiveyances fur injurerl animals have been 
created. 

Many d<rgs and cats were needlessly desti<*yed (tii the 
outbreak of war by mistaken owners ignorant of pntteetive 
preca'uitions, and out; serious consequence bus lieen the alarnung 
increase of rats and mice, wliich may emlangei- the nation’s 
food supplies. 

Tlu* reader interested in this subject is urged t«) puRmre the 
N.A.R.P.A.C. handbook, which ileuls with the care of animals 
and includes recommendations for substitute ftKKls ami war 
diets. 

Tested gas proof shelters for d{>gH, cats atul jjets are m>w 
available htr kennel or luime ustn The shelter consists 
essentially of a strong but light gas-tight kennel-like Irox, of 
such dimensions tliat it can be ustid in a living loom. It has 
a flat front, having a gas proof washer fixetl all rotmd. 

The door consists of a wmxlen frame, lanying a strong 
celluloid window ; the outlet valve is on the top. At the back 
of the shelter is a beIlow.s arrangement fitted with a special 
gas filter. 

When the dog is in the shelter and the door closed, there is 
sufficient fresh air in the shelter to last a coiwidcrable time 
without working the bellows. The areas of the medium and 
large shelters have been calculated in each case to ensure that 
with proper operation of the bellows the content at no time 
exceed 0-167 per cent. COg. 
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to cocker spaniel. The large size kennel is for larger breeds 
up to Airedale size. 

Standard size . . 19" wide, 17" high, 2' 6" deep. 

Large size . . 24" „ 21" „ 3' o" „ 

Available from Army and Navy Stores. 


The author has endeavoured to present in a concise form 
authoritative information upon the structural precautions 
required in Civil Defence, and has consulted all the records of 
test results available at the time of going to press. 

In addition to describing wkai should be done in defensive 
measures he has endeavoured to indicate how it could be done. 

If he is thus able to contribute', successfully, a humble part 
in the protection of the defenceless citizen his efforts will be 
well rewarded. 
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" Our most valuable tmifxm against gas is liUtmUtlge «/ the fads 
about gas '' ®'. 

SUMMARISED PARTICULARS OF WAR GASES 

Common mum; of agent: ADAMSITK (I).M.) (Di|'ln uvl.tniinc- 
elilorarsine).* 

Clieinical .symbol: (C,H|)jj NHAs('I,_ 

Classification; Sternutator Iiaias>in;; agent. 

Persistency— 

Winter : Ten minutes in open from caiulies. 

Summer : Ten minutes in o|>en from camlks, 

Irritant concentration, ten minutes exjKJsurc: ceooojH ««. {wr 
1,000 cub. ft. 

Intolerable concentration, three mitmtes expoiane; o-oos »«, jx;r 
1,000 cub. ft. 

Letiial concentration, three minutes ■•xpoMav: js* o/,. {ht i.ockj 
cub. ft. 

Melting-point: 387" F. Boiling jKiint: 770" I'’. Deconiiioscs below 
boiling-point. 

Volatility: Negligilile. 

Vapour pressure: Negligible, 

Vapour density compared with that of air; No vaiKUir, dis.*wminated 
as solid. 

Specific gravity of .solid agent at 08 " i«'.: i'65. 

Stability ; Stable in steel containers. 

Solvents: Furfural acetone. 

Action on metals: Very slight. 

Action with water ; Insoluble. Hydrolyses with lUlikulty. 

Product of hydrolysis; HCl D.M. oxide [(CjHjlgNHAslat). D.M. 

oxide very toxic if swallowed. 

Odour; No pronounced odour. 

Odoriferous concentration ; o-oo25 oz. fier i,(kk> cub, ft. 
Physiological effect: Headache, nausea, violent .sneezing, followed 
by (emponny plivsica! debility. 

Protection reipuri-d ; Best type of filter in gas mask canister. 
Neutralisation ; Gaseous clilorine bleach ik|Hor. 

First aid; Breathe low concentrations of chlorine from bleaching- 
{Kiwder bottle. 

Uses: Candle; destroyer smoke attack ; burning ty|» air bombs. 

Notts. A bright yellow, crystalline solid. 

Respirator affords complete protection, 

* Starting with ansine A»H, and ammonia NH„ snlwtituticm of three 
chlorine atoms (Cl) for three hydrogen atoms (H) in the fanner and two plwnyl 
groups (C,H,) for two hydrogen atoms in the latter givem the tmniHitnub 
arsenic tri-emoride Asf.li and ilijihxiiyl.uiiiue (C|H,l,Nli. 

Thwe react together with ttn- eliiiiiiiatian of two molecules of hydrogen 
chloride (HCl) to form Dlpheaylaminochiorarsine *> (C,HPgNHA»CI, 

736 
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Common name of agent: BROMACETONE. 

Chemical symbol: (CHaCOCH^Br). 

Classification : Lacrimator—harassing. 

Persistency— 

Winter : Two days in open ; seven days in woods. 

Summer : Three hours in open ; one to two hours in woods. 
Irritant concentration, ten minutes exposure: 0*0015 oz. per 
1,000 cub. ft. 

Intolerable concentration, ten minutes exposure : o-oio oz. per 
1,000 cub. ft. 

Lethal concentration, ten minutes exposure : 3*2 oz. per 1,000 
cub. ft. 

Melting-point: — 65° F. Boiling-point: 275® F. 

Volatility : 75 oz. per 1,000 cub. ft. air at 68° F. 

Vapour pressure : 9 mm. mercury at 68° F. 

Vapour density compared with that of air : 4*7. 

Specific gravity of solid agent at 68° F. : i*6o. 

Stability : Unstable in heat and light. 

Solvents : Fats and organic solvents. 

Action on metals . Very corrosive to iron. 

Action with water : None. 

Product of hydrolysis : None. 

Odour : Pungent and stifling. 

Odoriferous concentration : 0*0005 oz. per 1,000 cub. ft. 
Physiological effect: Vapour ; severe lacrimation ; liquid ; pro¬ 
duces blisters, often toxic. 

Protection required : Gas mask, absorbent only. 

Neutralisation : Alkali. 

First aid: Wash eyes boric acid. Wash skin warm sodium 
carbonate solution. 

Uses : Projectiles and grenades. 
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('ommon name of agent: BKOM<) 4 iKNZVL 4 “VANIDE (BJiC.) 

(iTencl'i: Cairiite). 

Clieniical symbol: (CgH'/lUBrl'N). 

Classification : Lacaimator- harassing and jH^rsisteiit tear gas, 

I'^ersistency-. 

Winter: Several weeks, 

Summer : Tliree days in open : Ht*ven days in woihIs. 

Irritant concentration* ten mimitcH i‘\p«»Hurv : 0*011015 per 
1*000 cull. ft. 

Intolerable concentration, ten minutes exposure : ohhjoK o/., per 
1,000 cul). ft. 

Lethal concentration, ten minutes exposure: 3*5 o/, fa*r i ,000 mb. ft. 
Melting-point: 77"' F. Boiling iKiint : 41*7'' fC 
Volatility : 0*13 o/.. per i,ck)o cub. ft. air at LH * 1C 
Vapour pressure : 0*0112 mm, mercury at tiH"" 1C 
Vapour density c'nuiparcti witli that of air ; tcb. 

S|)ecific gravity of soliil agent at 68^ h\ : 1*47, 

Stability : Slowly dt*conipcises. 

Solvents: Chlorbenzene, cldoroform, ph<e;g«*nf ami c!il«>i 4 »picrin. 
Action of metals: Very corrosive to iron ; lead tw cuiarnd-lined 
sliclls recjuired, 

Action with water: Slowly Iiydrolysc^s. 

Product of hydrolysis : HBr and various i uinpuund 
Odour : Like sour fruit. Irritates tiefore odour can be delecteci 
Physiol<.)gical affect: Severe lacrimatiori and mm* irritiitioiii. 
Protection required : Oas masks ; absorlients in canister only. 
Neutralisation : Alcoholic scxliiim hydroxide spray. 

First aid : Wash eyes witli boric acid sohition. 

Uses: 75 mm. artillery sht»Ii or airplane spray. 

Noies, A y«*ll()wiiilia>riiwri ctryiitnlliitt? stilid winni pure Ai used a lk|tjkl 
rnixtare, Invisible in gim?niw state. 

Hespiriitwr aliortfn cnmpirlv protection, 
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Common name of agent: CHLOR-ACETO-PHENONE (C.A.P.)- 
Chemical symbol: (C^HgCOCHaCl). 

Classification: Lacrimator'—harassing tear gas. 

Persistency— 

Winter : Several weeks in solid ; burning mixture, ten minutes. 
Summer : Solid for days ; burning mixture, ten minutes. 
Irritant concentration, ten minutes exposure: 0-0003 oz. per 
1,000 cub. ft. 

Intolerable concentration, ten minutes exposure: 0*0045 oz. per 
1,000 cub. ft. 

Lethal concentration, ten minutes exposure : 0-85 oz. per 1,000 
cub. ft. 

Melting-point: 138° F. Boiling-point: 476° F. 

Volatility : o-io6 oz. per 1,000 cub. ft. air at 68° F. 

Vapour pressure : 0-013 mercury at 68° F. 

Vapour density compared with that of air : 5-2. 

Specific gravity of solid agent at 68° F.: 1-30. 

Stability : Stable. 

Solvents : Chloroform, chloropicrin, ethylenedichloride, monochlor- 
acetone. 

Action on metals : Tarnishes steel slightly. 

Action with water : None. 

Product of hydrolysis : Not readily hydrolysed. 

Odour : In low concentrations like apple blossoms. 

Odoriferous concentration : 0-0002 oz. per 1,000 cub. ft. 

Physiological effect: Eye and skin irritation, copious flow of tears 
and spasm of eyelids. 

Protection required: Gas masks; both absorbent and effective 
filter. 

Neutralisation : Strong hot sodium carbonate solution. 

First aid: Wash eyes boric acid. Wash skin warm sodium 
carbonate solution. 

Uses: Candles and grenades as burning mixtures; grenades; 
artillery shell; airplane spray and bombs as solution. 

Notes. A solid, almost invisible in gaseous state, recognised by irritation to 

eyes. 

Respirator affords complete protection. 
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ComiucHi nanu* af agrnt : ('“HLC.JKINM. 

Chemical symtial; ((Ig), 

Classihcatam : laiiig iii|uraiil canualty tigfiil. 
l\*rsistcru‘y 

WiiJtcr: 1Vii iiiimilis m ; mir hmii ia wniuln. 

Samiiier: hive minutr^ in o|>cii: twvnty m Winnl%, 

IrriUiiit ccmcciittalbii* ten u/. |irr 

cub. ft. 

lutcileralilc mncculratbu* feu miiuitrs r\u^. ' u'tu u/. [irr t.mm 

cub. ft. 

bctlml ccmceutnitbn, ten iutiuit«''^4 rKjHJ^ure : %‘ini m i^tnm 

cub. ft, 

Mcltiug»[»nifit; . h\ litiiliiig inmt : iK’S" h\ 

Volatility ' ifi.jbi'i o/,., per enh. ii m at ffS" |v, 

VuiMUir prcHHurc : 4i<jrii mm. liirrctirv at US' h. 

Vaptatr dcuHity coinpao’di with that i4 air : 4 »i, 

Specific gravity of hoIM agent at UH" h . ; i*4t» 

Stability : Staldi* in t ylimlets, if «ti v. 

Solveiith: (‘hloropiiTim jb' 

Action on metals: None if tirv . vigomm. c*irioM*»n if wrt „ 

Action witli water : A little db^tlvrn foimtng Ht 1. IKK I and C'lCL. 
Frotliict of hydrolysis : liC'b iKK'b CJCtg, 

(khnir * Pungent smell of bleaching {.niwtler, 

(fdorifeouis eiuir'eiitralion : o<oi o/. \m 1.0041 mb, It 
Physiologicad rflecl: Burns iipi'w^r respiratory tracts, 

Proteeticin re«iinrei!: Ckis masks ; absorbniH m canister only. 
Neutnilkrtion : Alkali* sotulion or s«ilid, 

Mrst ah!: Keep imlieiit cpiiet and w^arm and lira! for bronrtikil 
jinemnoniii, 

Us«*s : Mixed with other gasc-s in slielU. bombs and i/ylimlrrs, 

KtitPi. A greeriWi-ciiloyr gas ; is aiwilvrU m iina will r«il 

clolliiiig, tiigtily iettiiih noicpisistrnt 
Hrs|iiriiior atfcinli eiiiti|iirte iirolrcOtiii, 
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Common name of agent: CHLOROPICRIN (P.S.) (vomiting gas). 

Cliemical symbol: (ClaCNO^). 

Classification: Lung injurant, lacrimator—casualty, harassing 
agent. 

P(a\slstency. 

Winter : Twelve hours in o|)cn ; one week in woods. 

Summer : One hour in open ; four hours in woods, 

Irritant concentration, tem minutes exposure: 0*009 oz. |)er 1,000 
cub. ft. 

Intoleralde concentration, ten minutes exj)OHure : 0*050 oz, per 
X,000 cut), ft. 

Lethal concentration, ten minutes exposure: 2*00 oz, |)er i,oou 
cul). ft. 

Melting“point: — 92*4^^ F. Boiling-point: 233'^ IL 

Volatility : 165 oz. per 1,000 cub. ft. air at 68'* h\ 

Vapour pressure : 18*3 mm. mercury at 68'* h\ 

Vapour density compared with that of air : 5*6. 

Specific gravity of solid agent at 68^* h\ : i *(>(). 

Stability : Stable for long jicriods in steel containers. 

Solvents: Pliosgene, chloroform, cldorine, CS2, C'eHg, C^lIgOlL 

Action on metals : Produces slight tarnish only. 

Action witli water : Very .slightly solulile. 

Product of hydrolysis : Hydrolyses with difficulty. 

Odour : Sweetish, like fly-jiaper. 

Odoriferous concentration : 0*0073 oz. per 1,000 cul). ft. 

Physiological effect: Lacrimates, irritates nose and throat; luo- 
duces nausea and lung irritation in order as conctmtration 
increases and slight eye irritation. 

Protection required: Gas masks with higli grade absorbents in 
canisters. 

Neutralisation : Sodium sulphite solution. 

First aid : Wash eyes boric acid; keep patient warm, protect 
throat from infection. 

Uses : Mixed with other gases in shells and liombs, but used pure in 
spray fonn. 


Notes, A calourU?B«, volatile liquid with a pungtuit odour; Bcuu-i'mrHiHlcut 
RcHpirator^ affords complete protection. 
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fonmKm iutrtic‘of ’ PVANCHiMN C*fII.DHlDli, 

{'lieiriira]syiiitio!: ((*NC''1}» 

: Systniiic toxir ranually agriit. 

I’cn’HiHteiiry 

Wintrr: Twenty iiiiiititeH in : two hoiirn in wticHls, 
Simiriinr: Tnri miiaitfH in ; tweutv iniiuitrH in woods, 
Irritant cmicfiitratioin ten minutes exposure: 0*0025 lan 
I,CHK)CUh. ft. 

Iritnlcnnble amcentnitmn, ten minutes *‘\j.u'.uo' : 0*005 tm, |ittf 
i.ooa tub. ft. 

Udlial ronmitriition, ten ininuteH oX|H»auv: 0*40 m. per i*cm>o 
cub. ft. 

Mtiltirig^iolnt: 21"' V\ lioiliiig^wint: 5«P i*. 

Volatility : 3.3 <hj m, {k,i^ i^tnm rule, ft. air at l*‘. 

Va{Knir jiresHure : i.ouo inm. mercury at W l\ 

ViifHmr density comp.ucd with that cd air : M|H, 

Specific gravity of solid agent at F,: i*ii. 

Solvents: Organic solvents. 

Stability : Ihistalde ; slatality incmimt when mixed with AsCd^. 
Aedion on metals : None if dry ; eorrmtes inetids if wet. 

Aedion with water: Slightly solulile. 

Product of hydrolysis : H(‘l; cyanurie acad, 

Oclmir: faint. 

(Idoriferous coiicentration : i'hu* t.mMituh It. 

PI iysit)l<-»f.:i«*al edfeed : Irritates eyes and lungs. 

Protection miiiired : ilm mask*; alisortauits only. 

Nautralisatioii: None necessary. 

First aid : Id'esli air: coltl water in face : arlilicial respiration. 

Umm : Artillery stielb 
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Common name of agent: DI-PHENYL-CHLOK-ARSINE (I),A* 
(German : Clark I.) 

C.liemical symbol: (C0^5)2 AsCl. 

Classification : Stcrnuta.t()r - harassing. 

Persistency- 

Winter : Five minutes by H.E. detonation ten minutes by 
candle. 

Summer : h'ive minutes by H.E. detonation ten minutes l>y 
candle. 

Irritant concentration, ten minutes exposure: cocos oz. per 1,000 
cul). ft. 

Intolerable concentration, ten minutes exposure : 0'(K)I2 oz, per 
1,000 cub. ft. 

Letlial concentration, ten minutes exposure: I'So oz. per 1,000 
cul). ft. 

Melting-point: xo2^’ F. Boiling-point: 700*’ a|>prox. 

Volatility : o*ooo68 oz. per x,()()o cub, ft. air at 68'" h\ 

Vapour pressure : o-ooos mm. mercury at 68^" h\ 

Va|)Dur density compared with that of air : Practically no vapour, 
all solid particles. 

Specific gravity of solid agent at 68'' h\ : i*4. 

Stability: Slowly decompost^s. 

Solvents: Acetone, chloroform, chloropicrin. 

Action on metals : Vigorous corrosion on steel. 

Action with water : Slowly hydrolyses. 

Product of hydrolysis: HCl; Da Oxide (Da oxide is poisonous if 
swallowea). 

Odour : Like shoe polislu 

Odoriferous concentration : 0*0003 1,000 cub, ft. 

Physiological effect: SiuH'zing, vomiting, headaclie. 

Protection required : Best type filter in gas mask canister. 
Neutralisation : Caustic gaseous chlorine. 

First aid: Chlorine in low concentrations. 

Uses: Burning-type munitions. 

Motes. A colourless, crystalliiio solid which whan heiitecl givm edf im 
ahuost odourk*s.s smoke. Generally invisible except near source. Ciin still 
eifactive although not visible, 

Respirator affords complate protection. 
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('ommon imnv ot agriit: 1)1 I'Hl-.Wl-CVAN-AKSINK (D.Ci 
({jcniKin; ('lark 11,) 
nK'niirulsyiithol: ((’slijla Ast'N. 

(’lassilicutiun: Strniulatdr liarassiiij', 

Ik'rHistcncy - 

Wintw: Mve miiiuton hy H.K, dettniatiim, tvn miuutw Ity 
raiulle. 

Summer: Fivo miimtfs i>y H.F), dflMiutiMU, ten miimtfs hy 
ruiJtllc, 

Irritant •uiid-nii.itiim, ten minutes (‘xunsnir: (eouui tu ih'i* 
I.nnneub. ft, 

lnt()leral)le concentratiun, ten minutes cxj.uain-; (etKMii!5 ‘w. |«r 
1,000 enh, ft, 

Letlialconcentration.tenminutt".(‘XjHrauf: j-ooz .{kt t.ooocut),ft, 
Melting-iHrint: (ji” I*. Ihulinit linim : (>(«»'' F’, 

Volatility: 0-0015 oz. iw i.tKKrcub, ft. air at (i.S ' 1-. 

Vapour pressure: o-(mk>i mm, mercury at (>M ‘ I-, 

Vapour density compared with that of air: K-H. 

Specific gravity of solid agent at 68" I-.: i-,|5. 

Stability: Very stable. 

Solvents: Chloroform, 

Action on metals: Vigorous cornrsion on iron sual stetd. 

Action with water: None. 

Pnaluct of Iryclrolysis: None, 

Odour: Like garlic and bitter almonds, 

Odoriferous concentration: 0-0005 id««) cub. ft. 

I'hysiological effect: Sneezing, vomiting, headache. 

Protection required: (ias masks with best ty|Hj of filter. 
Neutralisation: Caustic gaseous chlorine, 

First md: Chlorine in low conceturations. 

Uw; Artillery shell. 

Notes. AwithI'tiijwjlit’.similarto 1),A, 

Heiplrator aifonis complete piut.-t ium, 
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Common name of agent: DI-PHOSdENI:; ((ierman: Perstoff; 

French: Surpolite). 

(•Iiemical symbol: (ClCOOCClg). 

('lassiliaition : Lung injurant-casualty agent. 

Persistency. 

Winter: Thirty minutes in open; three hours in woods. 
Slimmer: h'iftcen minutes in open ; sixty minutes in woods. 
Irritant concentration, ten minutes exposure: 0'005 oz. per 
1,000 cub. ft. 

Inloleralile ('oncentration, ten minutes exposure: 0‘4o or., per 
1,000 cub. ft. 

Lethal concentralion, ten minutes exposure: o*5 (U.S.), o-o5 
(dermany) or,. })er i,ooo cub. ft. 

Melting-point: - - 70” F. lioiling-point: 2()0-()“ F. 

Volatility: 120 oz. per 1,000 cub. ft. air at bH" IL 
Vapour pressure: I0';5 mm. mercury at f)8" b', 

Vapour density compared with that of air: b% 

Specific gravity of solid agent at (>8'’ IL: i-f)5, 

Stability: Stalile in dry steel containers, 

.Solvents: Phosgene, chloro[)icrin. 

Action on metals: None if dry, corrosion if wet. 

Action with water: Hydroly.ses slowly, 

Product of hydroly.sis: ('ICtXj,: IKT 

Odour: Disagreeable, suffocating. 

Odoriferous concentration; a‘Oo88 oz. per 1,000 cub. ft. 

Physiological effect: Burns lower lung .surfaces, causing ledema. 
Protection required: Oas masks; alworbents in canister only. 
Neutralisation: Steam hydrolyses alkalies and amines react with 
C.O. 

First aid: Keep patient quiet; administer lieart stimulants, give 
oxygen in severe cases; treat like |)lcurisy. 

Uses: Shells and cylinders. 

Nokn. A colmiiicHS liquid, invusibli! in the gaseous state, mm pctHistent, 
highly lethal. 

itespiralor affords complete protection. 



746 iWminx 1 

(omtmtn iiaim'»{agfiit: HTHYl, !)I-t‘HL()K*ARSlN'|’; ((ieritiaii • 

Dirk). 

(llieniicalsyiiibiil: (‘iHjAhCJi, 

(’IjWHiiicatkm: Luofj injuMiit. !»tfnnit;Uui. vcsjrant raMt.ilty, 
haiassiiii; agent. 

Persistenry - 

Winter: Two to fotir hours in ojK'U; twelve Iiouih in womts, 
Summer: One to two hours in open; two to si.\ Itours in wimkIh, 

Irritant concentration, ten minutes expnsuie; (hh*! o,f!, per j.ikk} 
cub. It. (causes sinr/in!;). 

Intolerable concentration, ten minutes e.xjHisure: leui o/.. per 
1,000 cub. ft. 

lethal concentration, ten minutes r.sp.r,u!.-; ()<5o m, per i,i«ki 
cub, ft. 

Melting i«»int: - 2 f F. Ikiiling-jioint: jii" F. 

Volatility: loooz. fier i.ooo cub. ft. air at tiH'' !■, 

Vapour pressure: S’O mm, mercury at f»H‘' F, 

Vapur (tensity compared witli that of air: ivf,. 

Specific gravity of s<slid agent at fiH'' F,: 170. 

Stability: Stable. 

Solvents: Ethyl chiorkte. 

Action on metals: None. 

Action with water: Hydrolyses slowly. 

Product of hydrolysis; Ethylarseneous oxide and HCl 'hv'!!H!v.is 
prMiuct is poisonous if swalkrwed). 

Odour: Biting irritant. 

Odoriferous concentration: o-ooiooz. jier i.iHXHiuh, ft. 

Physiological effect: Voicant, one-sixth as iKiwerfu! as musiaril, 
Powerful .sternutator; causes p-u-dy-fs of the tiiigers. 

Protection retpiired: Ga.s ma.sk8 and protective clothing, 

Neutralisation; Sodium hydroxide solution. 

First aid: Wash skin with wann sodium carbonati* solution 

Uses: Artillery shell; airplane spray. 
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Common name of agent: ETHYL-IODO-ACETATE (K.S.K.). 
Chemical symbol: CHJ, CO, OC,Hj. 

(Classification: Persistent tear gas-harassing agent. 

Persistency- 

WinttT.. 

Summer. 

Irritant concentration, ten minutes exposure:. oz. per 

1,000 cub. ft. 

Intoleralilo concentration, ten minutes exposure: .oz. per 

1,000 cub. ft. 

Lethal concentration, ten minutes c.xjio.sun*: . oz. per 

1,000 cub. ft. 

Melting-point: -16° F. Boiling-point: 35()® \\ 

Volatility: .... oz. per i,ooo cub. ft. air aVfiH" h‘. 

Vapour pre.ssurc:.mm. mercury at bH" ¥. 

Vapour density compared with that of air:. 

Specific gravity of solid agent at 68® F\:. 

Stability: Stable. 

Action on metals: Slight. 

Action with water: None. 

Product of hydrolysis:. 

Odour: Very faint; irritation of eyes first noticed. 

Odoriferous concentration: ^ .... oz. per r,ooo cub, ft. 
Physiological effect: Irritation and stinging of the eyes followed by 
copious flow of tears; no skin irritation. 

Protection required: (las mask with filter. 

Neutralisation:..... 

First aid: Wash eyes with boric acid. 

Uses: Spray, bombs and shell. 

Noks. A dark brown liquid, invisible in giiHemis Htatu, rmigniHcd liy 
irritation to the eyes. 
lte.spirator affords complete protection. 
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Coiimiuiuiumpof agent: lU', MIXTUHK, 

(!lieiiiira! synilm!: ({'grij,), Zine aiu! Kine oxide (Zit< )|. 

{’lassiiiciition: Sereeiiirig agent, 

IViHisteiiey: 

Winter: Only while burning, 

Irritant ronrentjatinn, ten minutes exjHWure: Smoke irritation 
negligihle, 

Intolenible eonrentratBui, ten minutes exj^wure; Smoke irritation 
negiigiiile, 

letha! eaneentration, ten mimites rsj...s!ue; Siimke harmless. 
M()lting-|K>int: j(jj" I*, iloilite; I'oini: jh.V’ i\ 

Volatility: ^-85 iv., jat i.tK«K’nt», (t, air at (>H'’ f*', 

Va}Kmr pressure: n'n turn, mercury at (jH" IS 
ViijOT density ''omp.ued with that ot air: Vaj«»ur ut':.;!i-jh!(.; 
(Ibseminatfd as solid, 

Siai'iftc gravity of solid agent at <>H ’ !•,: i-o, 

Stability: Staltle. 

Solvents: Alcohol, ether (for liexaelilorethane only), 

Action on metals: Nrnte if dry, 

Action with water: slowly liydrolysr's; mi.xture ignites. 

Product of hydrolysis; Snmke in air, (Xiit y zinc rtdoride in water 
solutioin 

Odour: Acrid suffocating smoke. 

Physiological effect: None from solid; slightly suffm:ating action by 
heavy smoke, 

Protcctioti rttfjiiiretl: None. 

Neutralisation: Nonetimletl, 

First aid: None needed. 

Uses: Burning type munitions only; g!t‘n.u!i-,; camlles; Muoke 
floats. Speck! air iMimhs, 
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Common name of agent: HYDROCYANIC ACID. 

Chemical symbol: HCN (prussic acid). 

(Classification: Systemic toxic—casualty agent or paralysant. 
Persistency— 

Winter: Ten minutes in open; one hour in woods. 

Summer: h'ive minutes in open; ten minute.s in woods. 

Irritant concentration, ten rainutos exposure: ()'02o oz. per i,ooo 
cub. ft. 

Intolerable concentration, ten minutes exposure: o-ojo oz. per 
1,000 cub. ft. 

Lethal concentration, ten minutes exposure: o-zoo oz, per i,ooo 
cub. ft. 

Melting-point: f P. Boiling-point: 79“ 1 '. 

Volatility: S73 oz. jier 1,000 cub. ft. air at 68“ h'. 

Vapour pressure: 603 mm. mercury at 68“ IC 
Vapour density compared with that of air: 0’93. 

Specific gravity of solid agent at ()8“ V.: 075. 

Solvents: ASCI^, SbCOj, 

Stability: Stable when mixed with strong acid and dissolved in 
solvents. 

Action on metals: None, except on copjier, if dry; corrodes all if 
wet. 

Action with water: Miscible, slowly decomposes. 

Product of hydrolysis: Ammonium cyanidt*. 

Odour: Like liitter almonds. 

Odoriferous concentration: o-ooio oz. per 1,000 cub. ft. 
Physiological effect: Paralysis of central iiervou.s .system. 
Protection required: Gas mask, absorbents only. 

Neutralisation: None necessary. 

First aid: Fresh air; cold water in face; artilicial respiration. 

Uses: Artillery shell. 

Moles, A colourless, volatile liquiil (mui-iH-niifitciit). .Small atuouiils of 
vapour cause gid(line.<i8 ami headache. Lurgrr dotit's uuc(msci«tiiHm;B.H and 
death. 

Respirator affords complete protection. 
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(kirniiHiii riamie iif iigciit: flYDRCKiEN HULrillDK, 

(‘heriiiral syriibt'>l: li|S, 

('laMsitiratioii: FariilyHaiit ■■■■■niHuulty 
Pea’HiBte'm'y 

Winter.... 

Stimnier,.......... 

Irritant ccmecJtitratimi, ten minuter *^v|»osi,U(': ...... per lairm 

Clllh ft. 

1 ritolemihle cwieentratinii, ten ininuteH eJvpuHure : n/., jwr 

1,000cub. ft. 

I.etlial conceritnitkm, ten minuter eKjH»'»uir : m. jri i,oiMi 

cub. ft. 

Melting''point: -- wf I*. BoilingiKniit : Her l\ 

Volatility : .... oz, i^ier laKK'i cub, ft. air at (M* ir 
Va|:K)iir premtire : ..,. mrn. rnercury at l\ 

Vapour density <'ompafed with ttiat of air : .. *,.., 

SwtdI'ic gravity of Holid agent at 68** F.:.......... 

Stability: ... 

Action on rnetals....... 

Action witli water :........ 

Product of hydrolysiB.... 

Odour : Strong smell of Ijiid eggs. 

Odoriferous concentration : .... 021, t.mm cob. ft. 

Physiological effect: Small doses, irrilatitm of eyes iimi nom*; 

large doses, unc0ii!ici0usnes.s and death. 

Protection recjuired; Respirator. 

Neutralisation ....... 

First aid ... 

Uses:........ 

Nuki, gm, Icthiil iii largi* Init 

aiordeti by rii8|;iiml«r, 
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Conmion name of agent: LEWISITE. 

Cliemical syml)ol: (ClCtt: CHAsCl*). 

Classification: Vesicant-—casualty agent. 

Persistency— 

Winter: One week. 

Summer: Twenty-four hours in open ; one week in woods. 
Irritant concentration, ten minutes exposure: 0-0008 oz. per 1,000 
cub. ft. 

Intolerable concentration, ten minutes expo.sure: o-oooS oz. per 
1,000 cub. ft. 

Lethal concentration, ten minutes exposure: o-i2 oz. jier 1,000 
cub. ft. 

Melting-point: 8-(>° E. Boiling-point: 374° F. 

Volatility : 4-5 oz. per 1,000 cub. ft. air at 68® F. 

Vapour pressure: 0-395 mm. mercury at 68° F. 

Vapour density comiiared with that of air: 7-1. 

Specific gravity of solid agent at 68° F.: 1-88. 

Stability: Stable in steel containers. 

Solvents: Mustard, chloropicrin, oil, alcohol. 

Action on metals: None. 

Action with water: Hydrolyses readily. 

Product of hydroly.sis: HCl, Ml oxide (('ICH) (CHAsO), very toxic. 
Odour: I.ikc geraniums, then biting. 

Odoriferous concentration: 0-014 ^.ooo cub. ft. 

Physiological effect: Dissolves in .skin, then burns and liberates 
Ml oxide, which poisons body. 

Protection required: Cia.s masks and best of protective clothing. 
Neutralisation: Alcoholic sodium hydroxith; .spray. 

First aid: Wash with oils, hot water and .soap, dry; first aid must 
be applied at once. 

Uses: AiiT[)lane spray; airplane bombs and shell. 

Noks, A colourleni liquid when pure, brown in crude given off iin 
invisible gai. Cauias severe irritation to useful warning, 

Vapour is less oflectiva on skin than mustard. 

Liquid in eytss immediate and permanent injury ; on skin blisters develop 
more rapidly than with mustard gas. 

Respirator protects eyes and lungs only, 

Lewisite readily react! with water,'giving a somewhat pokmoui liquid, but 
poisonous only when drunk, md no longer yielding a pokemous vapi.ur. This 
reaction is a matter of minutes only, esj.jecially when the wratlu'r is wiiriii, 
indeed, moist air would probably destroy the vapour fairly loon,'^^® 
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(uriiiiMin <4 : MI’lTHVL4'H-C‘!tI,cik%\!<SiXi\ 

nuiii : Mrtiiyldic'k}. 

Plitiiiiral svittl«»i : (tll^Asrig'i, 

Classilit’atbii : \'eHiruni, iuiig irritant. 

Pc*rsiHterii;y 

Wititci': Twu tliri'e lunirs, 

SuiiirrH*r: Unr laair. 

Irritant rtiiU'Tiitriitiuin tan minntrs rxi^nstitv : u-iki.* u/. j^rr 
mb. ft. 

latulcTtilile rinirmtration» onn miniitc rx|iosurr : u/, j»er 

ft. 

Letlml nina»ntrati<iii, nn«’ ttiinutn rxjaixnrr ; 1^75 ti/, [»c-r 
cub. ft. 

Mdting"|miiit : - "■ fib'tb' l\ Iknling'jKiiiit : aiKrti'"' l\ 

Vulutility : 75 m, ia*r i.tmumli. ft, air at i*s"' I*’, 

VajKiiir jn'CHHiire : 8*5 irini. mercury at td'‘ i*\ 

Specific gravity uf Hulitl agent at M" b*, ; i *85. 

Stability: Veryntable. 

SolventH: Organic solveiitH. 

Artiuii tm metals : Ntaie. 

Actinri with water: Slightly sulnlile. 

Prcahict nf hydn>lysis : Nnne. 

()ckmfia’ous<'(Hiferitratieai : iHHmHm, per i^rMinmli. ft. 

PliyMolM|.;iraI effect : Asthma, dyH|»iitra; lung injurant, skin 
vesicant. 

Protection requireil: (kis mask and best of firoteciive i;lothing, 
Ncnitralisation : Sodium hydrnxiih'HoUition. 

First aid : Wasli with sr)a|» and Wtiler, then with sodtiitti hydroxide 
{5 per cent.) ; wash eyes wdh boric acid. 

Uses : Artillery and mortar shell. 
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Common name of agent: MUSTARD (H.S.). 

Chemical symbol: (CH2ClCH2)jS. 

Classification: Vesicant; casualty agent. 

Persistency (exceptional)— 

Winter: Several weeks both in open and woods. 

Summer; Twenty-four hours in open; one week in woods. 
Irritant concentration, ten minutes exposure: Eye casualty con¬ 
centration ; o-ooi oz. per i,ooo cub. ft. 

Intoleral)le concentration, one hour exposure; o-ooi oz. per i,ooo 
cub. ft. (Eye casualty.) 

Lethal concentration, one liour cxpo.surc : Ovi5 oz. per i,ooo cub. ft. 
Melting-iJoint: 57-9“ h'. Boiling-point: 422-()" F. 

Volatility: o-625 oz. per 1,000 cub, ft. air at 68“ F. 

Vapour prcissure: 0-065 mercury at ()8“ F'. 

Vapour density coin[)arc(l with that of air : 5-5. 

Specific gravity of solid agent at 68“ F'.: 1-27. 

Stability: Stable in steel container. 

Solvents: Oils, alcohol, carbon tetrachloride and chloropicrin. 
Action on metals: None. 

Action with water: Slowly hydrolyses. 

Product of hydrolysis: MCI and (HOCH2CHj)S, not toxic. 

Odour: Like garlic or horse-radish. 

Odoriferous concentration : 0-0013 ‘‘S''- pm* cub. ft. 
Physiological effect: Dissolves in skin or lung tissue, then produces 
burns. 

Protection required: Gas mask and protective clothing. 
Neutralisation: Bleaching powder, 3 per cent, sodium sulpliide 
(NajS) in water; steam; gaseous chlorine; or bury under moist 
earth. 

First aid: Wash affected parts with kerosene or gasoline, then with 
strong soap and hot water; rub dry; rinse with hot clean 
water; agent must be removed within three minutes. 

Uses: Airplane spray; airplane bombs and gas shell; as an 
oily liquid. 

Notes. Dark brown to straw-colour liquid. The iiigh boiling-point and 
low vajjour pressure endows mustard gas with great iHtrsistency. Its higii 
freering-point maintains liquid frozen and undetected. It is oxtnsmely stable 
aiui is not readily destroyed except by strong chemicals tuu-.h a;; eiilotiiu- or 
strong nitric acid. It readily dissolves in animal fats and readily penetrates 
into absorbent materials, It has great toxicity even in low cona-utrations. 

1 lyperscnsitivity may be induced after repealed burns. 

Ke-spirator jirolects eyes and lungs only. 
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Common luune of agt-iit: Ol.liUM (Jki |«‘r lejit,). 

Chemical symho!: {SOaHjSOi). 

Cliissifkation : Scm iiitii; ugfiil. 

Persistency-- 

Winter: While container is ojHTutinK, 

Summer : While container is ojienitinK. 

Irritant concentration, ten minutes exjHtsurc: Smcike irritutkm 
negligible. 

Intolerable conccntnition, ten minutes e\jio>,mc ; Smoke irritation 
negligible. 

Lethal concentration, ten minutes : Smoke harmless 

Melting'iwint: 5" C. Boi!ing-|H>int; D- i (.mpo i- 
Volatility; Negligible. 

Vai)our prawure: Negligible, 

Vapour density eompared with that of air :. 

S^recific gravity of solid agent at tjH* I',: lujcj, 

Stability : Stable if dry. 

Action on metals ; Corrosive unles.s dry. 

Action with water: Hydrolyses. 

Product of hydrolysis : ll|^l), ami H^Oi. 

Odour; Acritl sufltarating smoke. 

PbyskdogiL al effect: Like strong acid, 
ibotectioii requirtsl: None. 

Neutralisation : W'ash freely with cold water. 

Uses: Smoke gieu.tdes: airplane tanks. 
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Common name of agent: PHOSGENE (Carbonyl chloride). 
Chemical symbol: COClj. 

Classification: Lung injurant—casualty agent. 

Persistency- 

Winter : Twenty minutes in open; two hours in woods. 
Summer: Ten minutes in open; forty-three minutes in woods. 
Irritant concentration, ten minutes exposure: 0-005 oz. j)er 1,000 
cub. ft. 

Intolerable concentration, ten minutes exposure: 0-020 oz. per 
1,000 cub. ft. 

Lethal concentration, ten minutes exposure: 0-50 oz. per 1,000 
cub. ft. 

Melting-point: —180° F. Boiling-point: 46-7® F. 

Volatility: 6,370 oz. per 1,000 cub. ft. air at 68“ F. at 1180 mm. Hg. 
Vapour pressure: 1,180 mm. mercury at 68“ F. 

Vapour density compared with that of air: 3-5. 

Specific gravity of solid agent at 68“ F.: 1-38. 

Stability: Stable in dry steel containers. 

Solvents: Chlorine and dilorojncrin. 

Action on metals: None if dry; vigorous corrosion if wet. 

Action with water: Hydrolyses rapidly. 

Product of hydrolysis; HCl; COj. 

Odour: Musty hay. 

Odoriferous concentration: 0-0044 oz. per 1,000 cub. ft. 
Physiological effect: Burns lower lung surfaces, causing oedema. 
Protection required: Gas ma.sks, absorbents in canister only. 
Neutralisation: Steam hydroly.ses; alkalies and amines react witli 
C.G. 

First aid: Keep patient quiet, administer heart stimulants; give 
oxygen in severe cases; treat like pleurisy. 

Uses: Shells and cylinders. 

Notes. A non-iM-reisIciii (almost invisible) ga.*! is rmulered less effective by 
heavy rain, highly letlial. 

Ho.sinrator affords complete protection. 
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(’tJininuii name of a^!«iU ; SOIJl) (HI.. 

( Iieftniral syinlml : Mixture «»f |>araiitit . 

CIuiiHitHatiitn ; In. r-u.ii.iu agent. 

I’lTHintfiiey - 

Winter; Ktme. 

Sinunier ; N*i»iie. 

Irritant eomentratinii, ten niinnte^i < x|<w.iii,-; None, 
fntnleriihle eoneentration. ten tnimile* i x|‘.m*-: None, 
f.etiial cnneentration, ten rninutex exjmsuti*: Kune. 
Melting jxfint ; HtV F, Hniling jH>int; N’one. 

Vulutility : None. 

Vajxtur pressure : None. 

VaiHnir density i tanfsned with that tif air; None. 

Spt'dfie p.iavitf of solid agent at (•S'* !•, : lei/. 

Stability ; M.dile, 

Solvents: Orgmk. solvents, 

Action on metals : None. 

Action with water : None, 

I’nxiuct of hydrolysis : None. 

Odour: None. 

riiysi"lo|:i< .t! effect: Hums like oil, 
l*rdtection recjuiretl: Fireproof dothes. 

Neutralisation; None. 

First aid ; Like hot liquid bum. 

Uses: Bombs ; artillery sliell. 
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Common name of agent: SULPHUR TRIOXIDE. 

Chemical symbol: (80)3. 

Classification: Screening agent. 

Persistency- 

Winter : While container is operating. 

Summer : While container is operating. 

Irritant concentration, ten minutes cxj)osiire : Smoke irritation 
negligible. 

Intolerable concentration, ten minutes cxix)sure : Smoke irritation 
negligil)le. 

Lethal concentration, ten minutes ex})osure : Smoke harmless. 
Melting-point: 104'^ h'. Iknling-point : 

Volatility: Negligil)le. 

Vapour pressure : 242*27 mm, mercury at 25'’ C. 

Specific gravity of solid agent at 68'' V. : 1*94. 

Stability : Stable if dry. 

Action on metals : Corrosive unless dry. 

Action witli water : Hydrolyses. 

Product of hydroly.sis : 112803 and H2SO4. 

Odour : Acrid suffocating smoke. 

Phy.siological eficct: Hacking cough. 

Protection required : None. 

Neutralisation : Wash freely with cold water. 

Uses : Artillery shell; airplane spray. 
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Cuniinuii luiuH' of ;iKeat : Sl’LPHl’K TKIOXIDK SOLUTION. 
Clifmk’iil symhol: (SO,) about 55 jut cfiit., (fll'lStljl about 45 per 
<-i*nt. by weight. 

(nasHifieatioji: Sfreeningagent. 

Peraisteney : 

Winter : While container i-s operating. 

Summer: While container in iijn-rating. 

Irritant concentration, ten minutes e\i«>,itir : Smoke irritation 
negligible. 

Intolerable concentration, ten minutes expohuir ; Snmke irritation 
negligible. 

Lethal concentration, ten minutes » \pi> .uie ; Stnokr- harmless. 
Melting point; "-ai'F. Hoiling-jKiint: H ’ I*. 

Volatility_oz. jx*r i.ikhi cub. ft. air at (jS ' F, 

VajKiur pressure : .... tnm. mercury at F. 

Vapour density nunp-ned with that of air: .. 

Sjrecific gravity of solid agent at (»«“ F. : i-tji. 

Stability : Staide in steel containers , 

Solvent.s ; Strong Milphtnie ackl. 

Action on metals: Vigorous corrosion if wet or i«i presence of 
moisture. 

Action witli water: Keacts violently tike strong ‘.ulphnik acid. 
Product of hvdiolvsif.; Smoke in air, lU-l and lIjSO* mixed in water. 

Solution as log particles. 

Odour: Ackl or acrid. 

Odoriferous concentration : .... oz. |>er i.ockj cub. ft. 

Physiological effect: Liquid burns like strong acid, snuikc causes 
juicking sensation on skin. 

Protection required : None for "nUn.ti v smoke ; gas masks for high 
concentration. Only rubl>er glov’es for harulling Ikpiitl. 
Neutralisation : Any alkali, solid or solution. 

First aid : Like an acid bum. 

Uses: Iron cylinders under gas pressure; airplane spray tanks; 
explosive shell. 
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Common name of agent: THERMITE. 

Chemical symbol: (A 1 + FeaO^). 

Classification : Incendiary agent. 

Pensistency: 

Winter: None. 

Summer: None. 

Irritant concentration, ten minutes exposure : None. 
Intolerable concentration, ten minutes exposure : None. 
Lethal concentration, ten minutes exposure : None. 
Melting-point: 2732'' F. Boiling-point: None. 
Volatility: None. 

Vapour pressure: None. 

Vapour density compared with that of air : None. 
Specific gravity of solid agent at 68^* F.: 3-3. 

Stability: Stable. 

Solvents: None. 

Action on metals : None. 

Action with water : None. 

Product of hydrolysis : None. 

Odour: None. 

Odoriferous concentration : _02. per 1,000 cub. ft. 

Physiological effect: Burns like molten iron, 
l^rotection required : Firei)roof clothes. 

Neutralisation: None, 
hirst aid : Like ordinary burn. 

Uses: Bombs; artillery shell. 
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CoinnKHJ name ol aReiit . TiTAKU’M TMTRAi Hl.< »KIIIl.. 

Chenncal syrnliol; 

{'la!i5»i(iratjiin : S. n einti,' uKent. 

Persistency— 

Winter : Ten minutes in 
Sunmicr : Ten minutes in njwn, 

Irritant conceiitratiun, ten minutes esjKisuie Sumke iuitatimi 
negligibie, 

Intolerable concentration, leti minutes < m. ; Smoke in it.tl ion 
negligible. 

Lethal conmitration, ten minutes esjjoain-: Simike hiirmless. 

Melting jioint: ~-«rF. BoiUng-jHunt ; tjf'l'. 

Volatility : 8()*4 <w. fwr cub, (t. air at **8“ h. 

Vai»aur pres-sure : 8-33 mm. mercury at <»8‘’ !>, 

Si»ecilic jp'avity of solid agent at iX‘ b'. : t-y. 

Stability : Stalile in steel containers when dry. 

Solvents: Ethylene dichloridc. 

Action on metals: Vigorous corrosion by smoke. .\one by liquid 
on stw! if dry. 

Action with water ; Hydrolyses. 

Product of hydrolysis; Smoke iu air; Tit 1 . HILO ; theti HCl and 
Ti(OH)», 

Odom : .At rid. 

Physiological effect: Liquid burns like strong acid ; vajamrs and 
smoke irritating to throat. 

Protection required: None for ordinary smoke clouds, gas masks 
for heavy concentration only. 

Neutralisation: Alkali; solid or sidut ion, 

First aid ; \Va.sh with wKlinm bicarlxmate stdution, then with warm 
water ; treat burn with picric acirl, 

Uses: Artillery shell; air{>lane spray, bombs and s{a*cial munitions. 
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Common name of agent: WHITE PHOSPHORUS. 

Chemical symbol: (P^). 

Classification: Scxconing agent and incendiary agent. 

Persistency- 

Winter : Depends upon size of burning particle; usually ten 
minutes or less in open. 

Summer: Depends upon size of burning particle; usually ten 
minutes or less in open. 

Irritant concentration, ten minutes exposure: Smoke irritation 
negligible. 

Intolerable concentration, ten minutes expo.sure: Smoke irritation 
negligible. 

Lethal concentration, ten minutes cx[)osurc: Smoke harmless. 
Melting-point; ixi” IL Boiling-point: 549“ F. 

Volatility: 0'i728 oz. per 1,000 cub. ft. air at 68® F. 

Vapour pressure: 0-0253 mm. mercury at 68® F. 

Vapour density compared with that of air: Vapour negligible; 
disseminated as a solid. 

Specific gravity of .solid agent at 68® F.: 1-83. 

Stability; Stable, out of contact with oxygen. 

Solvent: Carbon disulphide, ether, benzene. 

Action on metals: None. 

Action with water: None; stored under water in concrete tanks. 
Product of hydrolysis: Smoke in air; phosphoric acid (H8PO4) 
dissolved in water. 

Odour: Like matches. 

Physiological effect: Solid particle burns fle.sh; vapours very 
poisonous, cause bone decay; smoke relatively harmless. 
Protection required: None needed against smoke. Fireproof suits 
against burning particles. 

Neutralisation: None needed; copper sulphate solution stops 
burning of particles as does water. 

First aid: Apply copper sulphate solution; pull out solids; treat 
bum with picric acid; keep burning part under water until 
medical aid arrives if no copper sulphate is available. 

Uses; Grenades; artillery shells; mortars and airplane bombs. 



A!'l*HNl)IX II 

OI'FICIAI. TESTS ON A (JAS-FKOTKCTKl) HOUSE 

A tlftiiilcd rcjKirt tin twls titriii’t! niji uii .1 ‘.{ t u f** ?> >t Imtise 
is given in llntm* OJike ( irtiil.ii ” l Ajo anH iit. in Anti-gas 
Pfotectinn i)f HauM*s,'‘ l)m*nil«*r jist, i«)j7 (Piite J'J. H.M, 
Hl.itiniii-iv Oflkf.) 

Thft t'.vjii uttit'iii. were cunilueted liy tin* t livtniiiil Kr«!nrch 
Dept, under the jegis nf a s{»ecud suh cuinmittee *4 the t hemicni 
Defctice (annmittat. 

The houstf einpI'Anl in the tests was a (1 riHimei!, j ntcney rnttage, 
which was in scniiut repair but which bail leuwincft nii.-i. tij.i. d for 
about fifttten years. 

The house was situatwl i« the shelter of a l>elt of tiees, the nntdi- 
tions reprewnted j'l is' ialh tfiosf? obtaining in a town. 

Till* house was i nx*-!■ .p<-d in a lethal elotiil of gas and the efhs ts on 
ttnitnals and iinmiin occupiuits of the house were noteil. 

The results of the various tests can Iw suintttariM’d as U-lcm* 

TEST I 

Conditions 

House nn[iio(i i fni, hut diKUS and windows t lii>a*tl (rat floor 
covering). I'ite l»nuiue; in the hearth, f Her t ton of Mmm gns 
likraterf m yards upwind of hou« thus • nv- • it with lethal 
cloud for forty minutes. 

Observation! 

Human btnngs hm npvinc, unprotected hut elosei! HK>m oidiged 
to put on gas masks in seven minutes, 

Condtisioni 

Closing doors and windows of hou», otherwise nnjmp.ti'd, 
affords a considerable measure of pjefet f{..n and tfie ultimate u» 
of lespiiafois affords i*omplete protection. 

TEST Z 

CmMtbm 

House unprotected as before, but surrounded at a distance of 
20 yards by large shallow travs of lic|uid mmlard “gm" h fine 
spray of mustard gas a!» released 10 yards upwind of house. 
IlouKc enveloped in a lethal cloud for one hour. 




APPENDIX 11 


763 


Observations 

Animals in unprotected room for twenty-one hours,and none was 
seriously harmed. Animals outside the building were seriously 
affected. 

Conclusions 

Ordinary well-constructed buildings probably afford sufficient; 
protection for animaLs against mu.stard cloud. 

TEST 3 

Conditions 

'rhe unproteettid house .as before was enveloped in an intense 
atmosphere of tear gas which was sprayed into the air 10 yards 
upwind for one hour. 

Observations 

Men 200 yards downwind from the house were incapacitated in 
one minute, but men who occupied the closed untreated house found 
no need to luit on their respirators for the first thirteen minutes. 

Conclusions 

Tlie unprotected house afforded considerable shelter to occupants 
without respirators and the subsequent use of respirators afforded 
complete protection. 


TEST 4 

Conditions 

The unprotected hou.se was enveloped for twenty minutes in a 
dense cloud of arsenical smoke. 

Observations 

The smoke penetrated the unprotected room and rendered the 
wearing of respirators necessary. Men 200 yards downwind were 
rapidly affected but the wearing of respirators afforded complete! 
protection, 

Conclusions 

Unprotected buildings do not afford complete .shelter against 
arsenical smokes for which respirators are nece.ssary. 

TEST 5 

Conditions 

One of the ground floor rooms, about 12 ft, square and against 
the windward outer wall, was g.as protected as described in A.R.P. 
Handbook, No. i. Two tons of chlorine were released in one hour 
20 yards upwind. 
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Observatiom 

Animals, iti miprotectwl riiomH were killed, hut thtm* iti the gas- 
protected hkhii were miaffccted. 

Conciusiona 

(las protected rtKims aH«>rd I'ompletc pidterti«»n against chlorine 
clcnid for one hotir. 


“resT s 

Conditions 

The house as already deserilred had one piut.-. tt d rtK»m and 
was subjected to mmlard gas spray and vujwur as in l est No. a. 

Obiarvationi 

Animals in the protectn! room for twenty hou(.s sln>we«l no 
evidence of the effect at all Measurements of the concentration of 
the gas pciiciration showed the protection to la* adecpiate for man 
for twenty hours. 

Ctmclusiona 

Gas protected rooms give complete protection against the 
concentrations of mustard gas to be i spc, ti d, 

TEST 7 

Conditiom 

A tmr gas concentration as in Test No. 4 enveluissl the house 
with one gas-protected room. 

OtMervations 

Men in the g.is protct ted room did not need to use n- pii.tims, 

Concbttioits 

A gas picitect<‘d room affords adequate profcctiujt against tear 
gas in the concentration likely to be met with in an ruui >;«■»' v. 

TEST 8 

Ctmdltkim 

The house with one gas pintroom was subjected to a cloud 
of ttrsmicttl iumke for ttventy minutes as dcscrilred for Test No. 4. 

ObMXvaditms 

The occupants ultimately had to wear gas masks to ensure 
comfort. Men with respirators traversed the densest i»rt of the 
cloud without discomfort. 

Ckmdmloijs 

Arsenical smoke may j«*ncti.ttc into a gas iirotected room 
sufftciently to l)e detected bnt the wearing of civilian »i >.pit.»fois 
affords complete protection. 

Note. The conditions of the above trials were more severe tlian 
would normaUy be met in aerW bombaniment of towns. 
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Summarised Minimal Air Reouirkments of Animals and Man 
OF Average Weights (Quiet and at Rest) 


Animal 

FfMh Air Vffttilatodi into 
SheitOT, 

Cub, It per iwin. 

Unchanged Air Capacities of Clotad 

Unventilated Shelters caleuiaied 
on cut). It. {XU’ min. 

Normal Require- 
mmti for 
Indifinite Period. 

Crush Require* 
ments lor 3 hours 
max. 

Up to 1 a houfi 
Occupation, 

Up to I houn 
Ooeupiition, 

Horse . 

i '35 

0-74 

9-5 

3-8 

Pig . . 

0-39 

0^22 

2*7 

I*X 

Man 

0-36 

0*20 

2*5 

X -0 

Dog . . 

0-17 

0-095 

1*2 

0-5 

Goose . 

0-04 

0*022 

0-28 

0 *IX 

Cat 

0-03 

0*017 

0-22 

0*09 

Rabbit. 

0-025 

0*0X4 1 

0-18 

0*07 

Hen 

0-02 

0 * 0 X 1 

0-14 

o*o6 


Note. Excited animals under considerable physical activity may 
require up to ten times the above air supplies. 
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BIBLIOIJKAPHY AND LIST OF KKFKKKNCFS 


Bvf* No, |Srvtrxl|, 

1 No. i FtnsonJii Protection iiKainst (ias (ist lulitiun), (Price W,, 

W. post frw.) H.M. Statuincry (Xiicc, 

(A handlKMik piiitunih (or memtwrs of air raid precautions 

St'ivilfs.) 

2 No. 2 First Aid for (ias Casualties (2nd lulitjon). (Price 4^., 

5rf. }«>8t frw.) 

(A handlamk dmKiwsl j4iiii.uiU fur serviccH Riving first aid 
to air ndtl casualties.) 

3 No. 3 Medical Treattrieiit for (ias Ciisiialties (price t«/,, Hti. jxjst 

free.) 

(A handlMxik for hospitals, dm’tors and nurses,) 

4 No. 4 D«’ontaniination of Materials (price t«/.. 7*/, p>st free). 

(Deciiut.iiuiu.tliou of streets, buildings and their itmtents, 
vfliicles and plant,) 

5 No. 5 Structural Defence. H.M. Stationery Office. (Priced/-.) 

6 No, f> Air Raid Precautions in Factories and Business Premises. 

(Price 7<f, pst free.) 

(A handlwok designed piimaiilv for the guidance of timtpiers 
of sucli jtiviniscs.) 

7 No. ^ Anti-Ga.s Precautions for Merchant Siliipjnni; {2nd 

Edition), (Price 3rf„ 4^. post free.) 

(Includes certain rccomrnenaations to Port Authorities,) 

8 A sjrecial handfjook is also Ireing prcpiui-t! for Householders, 

9 No. I Oiganisatitai of Air Raid (Casualties Services. Price M. 

(7^.), ('\hni<»t.tudum 5 

10 No. 2 Rescue Parlies, and Clearance of Wbris, Price td. 

{2jd.). ^Memorandum.) 

11 No. 3 Organisation of Decontamination Services. Price id. 

{2|(f.). (Memorandum.) 

12 No. 4 Air Raid Watkins. Price 2rf. (aJd.). iMcmui.uidimi.i 

13 No. 4 Anti-Gas Training. Price 4^. (3«.). i M, ni"i.utdtun.| 

14 The mtection of Food-stuffs stgainst Poison < ,.1.. t*ri< «• 21/. 

15 Home Office Circular—Ahr Raid Precautions, 9th July, 1935. 

Mfxzi. 

16 Home Office Circuiitf—Anti-Gw Training, 34th Pel a uai v, 1936. 

Wee i 4 . 

17 Home Offi<^ Cfrcular n St. John Ambulance and Britisli Red 

Cross, 23rd June, 1936. Price i<f. 

j|«S 
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18 Home Office Circular—Anti-tias Training, 31st August, 1936, 

Price id. 

19 Home Office Circular—Anti-Cias Training, r6th December, 1936. 

Price id. 

20 Home Office Circular—Anti-Oas Training : Gas Vans and Gas 

Chambers, 17th December, 1936. Price 2d. 

21 Home Office Circular—('ertification mark for Respirators 

giving protection against Poison Gases used in War. 
Price ^d. 

22 Home Office Circular™Certification mark for Filtration Plants 

giving protection against Poison Gases used in War. 
. Price 2rf. 

23 Home Office (h'ire Brigades Division) Circular, 23rd February, 

1937. Price 2<i. 

24 Home Office Circular—Air Raid Precautions: liadges for 

Volunteers, 23rd February, 1937. Price id. 

25 Home Office Circular—Air Raid Precautions, 27th February, 

1937. Price id. 

26 Home Office Circular—Anti-Gas Training, 8th July, 1937. 

Price Id. 

Z'j Home Office Circular—Air Raid Precautions, 31st May, 1937. 
Price id. 

28 Home Office Circular—First Aid I’osts, loth December, 1937. 

Price id. 

29 Home Office Circular—Anti-Gas Training, loth July, 1937. 

Price 3if. 

30 Home Office Circular—Experiments in Anti-Gas Protection of 

Houses, 31st December, 1937. Price 2d. 

31 Home Office Circular—Sketch of emergency Fire Brigade 

Organisation for a Hypothetical Town. Price 2d. 

32 Air Raid Precautions Act, 1937. Price 2,^. 

33 Home Office Memorandum on Emergency Fire Brigade 

Organisation. Price 6 d. 

34 Air Raid Fire Precautions : Draft Statutory Rules and Orders, 

1938. Price id. 

35 Summary referred to in Home Office Circular of 28th January, 

1938—Air Raid Precautions Act, 1937. Price id. 

36 Home Office Circular—^Air Raid Precautions Act, 1937, 28th 

January, 1938. Price id. 

37 Home Office Circular—Lighting Restrictions, 14th February, 

1938. Price id. H.M. Stationery Office. 

38 The Protection of the Public from Aerial Attack. (Victor 

Gollancz Ltd.) 

39 " Poison Gas.” Union of Democratic Control. 

40 ” Grundelageu des Bautechnische Luftschutz.” Dr, Veiser. 

41 Special Issue. Werkluftschutz. Bauwelt. 

42 The Architect's part in passive Air Raid Defence. Archi¬ 

tectural Association. July, 1937. Eric Bird. 
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43 Pubik Works aspwt o( Air Raid Protrctum. Huihier, jttth 

OctohtT, icjjif. Bryant. 

44 t'eunint aiul Concrete Associatu»n. Air Ktticl Protection 

Panijihlet, Kjjf). 

45 (adistniction Motlerne ; l.es Alms rarchitecti* rt la <U’{eus«; 

passive. Hatir, .suppleinent t{> iUmalrmihm Minterne, June 
and July, i<)35- 

45a J’rincipts d'ankuiigeineiU uu de constmetion des ahris coutre 
les Kuz ct les e.xplosifs. BAtir, supplement to ('tmsIriHiim 
Moderne, October, 1935. 

46 La protection collective des |»iipidatii>ns civiles contie le peril 

aerochimitpie. I'fi.poqm, No. 5, 3rd Series, trytr. 

47 A Few Principles of Protection t»» Air Kakls, K.i.B.A . Jtturnal, 

8th August, 1936, p. tjKs. 

47a Air Raids Precaution Some Principles of Protection, Chitr- 
imd Surveyors' Inst. Journal, March, 1937, W, tiarhuth. 

48 Le protection contre le danger aericn, I'Hmulation. Nos. n 

and 12, 1936. H. Hall. 

49 Air Raid damage in London. British Fire Prevention Com¬ 

mittee. London, 1923. Monson and Marolanil. 

50 Some Principles of Protection in Air Raids. National tiuilder, 

March and April, 1937. 

51 Bauentwurfslchre, p. 225. Luftschutz. Bauwelt-Verlag. 

Berlin, 1936. E. Neufert. 

52 Richtlinien fiir den Schutzraumbau Baugilde. Heft io, 1935. 

W. Peres. 

53 The R 61 e of Reinforced Concrete in Aerial Defence. Revimv of 

IheR.C.A., No. ii, 1935. 

54 Air Raid Damage in i,tjndon. British Fire Prevention Com¬ 

mittee. K. C. P. Monson, 

55 Bautechnbeher Luftschutz. Bauwelt-Verlag. Berlitr, 1934. 

Richtlinien des Reichministeriums fdr Luftfahrt: 
Baugilde, Heft 3, 1934. Einrichtunmepnstande eines 
Sdhutzraum fUr 50 Manner. Bauwelt Tafel sui»pU*mt*nt to 
M. ftir Baukunst u. StMtebau. August, 1936, H. 
Schtiszberger, 

56 Air Raid Shelters as seimrate Structures. BtiuvcrwaUung. 

Heft 52, 1936. 

57 Building in Relation to Protection from Air Attack. Vom 

Wirtschaftlichen Bauen, Heft 16, 1936. Heinkke 

58 DMense passive contre lea bombardements aeriens: BMiment 

mrnire, Paris. J. P. Janas. 

59 Luftst^utz durch StaJil. Dar deuttche bautechnische Luft- 

schutz. Bauwelt, Heft 19, ips. Bauliche Mawmahmen 
in Warkluftachutz. Bauwelt, Heft 48,1935. Heft 25,1936. 
H. Schoszberger. 

60 Syndicat d'fitude et construction d'abris, Bruxelles; Bom¬ 

bardements Aeriens, Bnrxellcs, 
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61 The Prolilein of Estimating the Depth of Penetration of 

.Boml)s into Concrete. Heton untl Eisen, Meft, 1936. 
(). Speth. 

62 Tlie Protection of Bnildings to Reduce the Risk of Fire during 

Air Raids. Bautensclmtz, Ifeft 5, 1936. Kolisan. 
f)3 (Ground Dcifence against Hostile Aircraft. Rawlings, Brit, 
Itngineerinf^, ifitli October, 1936. 

64 Air Raid Precautions. Municipal and County Engineers. 
Discussion, Nicholas. 

(>5 War on (ireat (aties, Morison. luiber & Faber. 
f)6 Air Defence and the C'ivil lk)ptdation. Hyde & NuttalL 
Cresset ITess. 

67 Defense j)assive organlsce. Conimandairt Gibrin and Mr. 

Heckly. 

68 A.R.P, Memo., No. 7, Personnel. Price 2d. H.M. Stationery 

Office. 

69 Manual of Field KngimHHng. Vol. ]., All Arms. H.M, 

Stationery Office. Price 1$. 6 d. 

70 Statutory Rules and Orders, No, 251. H.M. Stationery Office. 

71 „ ,, ,, No, 252. H.M. Stationery Office. 

72 „ ,, ,, No. 253. H.M. Stationery Office. 

73 The Impossibility of War Risks Insurance. Sir W. P, Elderton. 

The Policy, 24th March, 193H. 

74 Chemicals in War, Prentiss. McGraw-Hill 

75 Air Attack on Cities. J. T. Muirhead. Allen & Unwin. 

76 Air Raid Protection : The Facts. Fact, April, 1938. Price M. 

77 Chemistry and Defence. U.S.S. R. 

78 Notice relative k la construction d'abris centre les bombarde- 

ments a6riens. Iinprimerie Nationale, Paris. 

79 Directive techniques pour les constructions de defense 

a^Tienne. Chancellerie Md^rale. Berne. 

80 An Atlas of Gas Poisoning. H.M. Stationery Office. 

Price t$, 

81 Breatlie Freely. James Kendall Bell Price 35. 6 d. 

82 Air Raid Warning Signals. H.M. Stationery Office. Price zd, 

83 Home Office Circular—A.R.P. Co-operation between Local 

Authorities and Business Concerns. 31st May, 1937. 
Price id. 

84. Air Raid Precautions in Schools, 3rd January, 1938. Board 
of Education. H.M. Stationery Office. Price id. 

85 Air War. W. O’d Pierce. Watts. London, 1937. 

86 (kanent and Concrete Association Leaflets : No. i, Air Raid 

Slielters.*' 

87 No. 2, “ Splinter-proof Shelters for Factories and Large 

Buildings.’' 

88 No. 3, Splinter-proof Shelters for Private Houses and 

Small Buildings.” 

89 ” Air-Raid Shelters in the Home.” 

ni 
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ijo fidiii till* (list ItthWi tu tin- InUTii.ttional 

('ominissioit (or Ihi* Kt'visiim itf Uu* RuU'Huf Wuifan*. l lu; 
Haptic. Kith, nj»'j Frlniwiy ijtit, 

(ioveriimciU Wliitf Paj>i-i, Misii'Ilaiu’inis N«i. 14 {i<;i4), 

91 Jtiiirnal t>/ the InalHutim a/ i ivil Knf’Jim'rs, vol. 5, 

pp. 4 (»j 5 ***'. 

lyi fa'agut’ <if NatioiiH Oii'u'ial Dm'uux'iits, Nd. 

No. 1945. i. 

94 Mc'tlk-al llistuiy of tt>f War. V<il, 2, 

94 On (iiiard uKainst <jas, if. Sisson, Hntdiinson. lannlun, 

95 Prcpaions la clrfcncc anti arrientic*. tlr'iicrai Nit-ssi*!. Paris. 

96 l^otection of Civil Populations in (aistjof Air Kakls. l.ontion 

'Irade-H Canmcil, Ikmniary, ip.jK. 

97 Records of lamdon Wells, dt i.lujticMl Snrvey Menioir. 1914, 

98 RejKrrt on the Ventilation of Factories and W.al. liop ,. ujui!. 

Purliiwnentary Pujan' C< 1 . i jo.», 

99 The Crime on tlie Road MulaKa-Aimeria, Pnblkaciones llKTin, 
lotj Ueber dcr Luftwraiisel in Wolingebauden, Pettenkofer. 

Munich, 1858. 

loi Home Office Circular~ -First Aid Posts, itith Ajiiil, nyX, 

103 Home Office Circular No. 75i,8(ifi/7 (Fire Piinadr .l, 15th 
Decemlxir, 1947. 

103 Home Office {‘irctilar No, 701,2(13/8—Air Rakl Warning 

Signals, .|th May, 194K. 

104 Home Ollne Circular No. yoi.^ay'jj Civili.m Anii-das 

Schools, 7th February. 1938. 

105 Memorandum No. 6, 1938, Focal Communications and 

Reporting of Air Raid Hanias;e. 

106 Memorandum No. 7,193B, Personal Reipuiemt nt s for Air Raid 

(kmeral and Fire Precautions Seivk-e., and the Police 
Services. 

107 Air-Raid Precautions Act, 1937, Air Raid (kmeral Prwautions 

Scheme. 

108 Air-Raid Precautions Act, t937 : Summaiy of Provisions, 
log 'l*he Protection of Your Home against Air Raids. 

110 The Design of Armoured Air Raid Shelters. P. Ri-gii.iuld. 
Gen. Civ., 1937, (it*) 245-7. 

HI Economic Dimensions of Air Raid Shelters. F. Rrredler. 
V.D.i. 1937.81 (15), 437-8. 

II3 A.R.P. J. B. S. Haldane, F.R.S, Gollancz. 7 s. «. 

113 Air Raid. John Langdon-Davies. Routledge. as. fxf. 

114 Report of the Committee on Air Raid Precautions, is. 

Lust* Struct* E 

115 No. 8 . Tffie Duties of Air Raid Wardens. Price id. (aW.) 

(Handbook.) 

116 No. 8 . The Air Raid Warning System, Ihrfce 3^. (4d.). 

(Memorandum.) 
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117 No. 9. Notes on Training and Exercises. Price 2i. (2|<^.). 

(Memorandum.) 

118 No. 10. Provisions of Air Raid Shelters in Basements. 

iVicc 4^. (Memorandum.) 

119 Emergency Medical Services: No. i. Structural and other 

Precautions against Air Raid Risks in Hospitals. Price 

120 Emergency Medical Services: No. 2. Emergency Ilo.spital 

Organi-sation. Price 6(f. (7<i.). 

121 Home Oflico Circular—^Emergency Fire Brigade Organisation. 

December I5tli, 1937. Price ti. 

122 Home Office Circular—Cleneral Model Schemes, March 28th, 

1938. Price Id. {i\d.) 

123 Home Office Circular—Local Storage and Distribution of 

Civilian Respirators, July 6th, 1938. Price bd. {jd.). 

124 Home Office Circular—Air Raid Precautions (Approval of 

Expenditure) Provisional Regulations, July 29th, 1938. 
Price xd. (lid.). 

125 Home Office Circular—Auxiliary Fire Services Badge, August 

24th, 1938. Price 2d. (2id.). 

126 Home Office Circular—Construction of Stretcher-carrying 

Fitment for the Conversion of Commercial Vehicles for use 
as Ambulances, September 23rd, 1938. Price xd. (i\d.). 

127 Home Office Circular—Maps for Use in Connection with A.R.P. 

Schemes, November 30th, 1938. Price 2d. (2|i.). 

128 Home Office Circular—Badges for Volunteers, December 20th, 

1938. Price id. (ifcf.). 

129 Home Office Circular—Enrolment of Auxiliary Fire Service 

Volunteers under National Service Campaign, January 23rd, 

1939. Price xd. (i|i.). 

130 Home Office Circular-Organisation of Air Raid General 

Precautions, January 26th, 1939. Price 20!. (2id.). 

131 Home Office Circular—Air Raid General Precautions Schemes 

in Rural Districts, January 26th, 1939. Price id. (lid.). 

132 Home Office Circular—Courses of Instruction in I'irst Aid, 

January 26th, 1939. Price 2if. (2j(it.). 

133 Home Office Circular—Revised Syllabuses of Anti-gas Train¬ 

ing, March 21st, 1939. Price xd. (xld.). 

134 Ministry of Health Circular—1732, A.R.P. Provision of 

Hospital Accommodation, August 12th, 1938. Price xd. 
(lid.). 

135 Ministry of Health Circular—1764, First Aid Posts and Ambu¬ 

lance Services, January loth, 1939. xd. (x\d.). 

136 Air Raid Shelter Policy Report, December 20th, 1938. 

Price 2d. (2ji.). 

137 Evacuation. Report of Committee on July 26th, 1938. 

Price qd. (xod.). 

138 Rating and Valuation Act, 1938. Price xd. (xid.). 
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jjif A KM*. {Aiiiinn.il of {■ I’suvisiou.ii KrKiil.itions, 

lljJ.S, I'l ilC, jl/. 

i.|n SjH-cial Points {mitUi tlu* itKovr KcKul.ifions) .nisini* ntuler 
Mic I'iccaulioiis Sdiniirs. Si'jitrmbr!, I'l.i*''. Piirt! 2d. 

I.}t A.K.i*. fiistiallv Sfivirc StH'tiliri Sti{>|*oil. -f. StiHclicr 
ty]H'. Hia'n.uii. I*iin- 

142 Anxiliaiv F it (• S<*i vicf fnifoiiusaiul Fajuipnu'nt SjHt ifuations. 
PiU f (}(/. (n>«/,). 

14J (Vililication Mark foi Kr piiatui , t>f (icmTal Sravirr tyjH* 
giviiJK proltH tinn iiKnind i'uison tlaws in War (Sujijtlf- 
nutnt to No, 2! in jrsjH-rt of Kf-.j.!i;ifiir ■ td thf t’ivilian and 
Civilian Duty Tyi*) Ptitt* .yC 

144 Kint ifo nt V Fill* BriKatlr A|i{iliuiit«‘s. Pricf txC (tin/.). 

145 Him ii'i'tu V Firt' BriKadr Mrasutfs in Rural Districts. Price ;iaf. 

(aK). ■ 

i4<j Pantjtiilet on (lardtii rremiu's. I'rke nf. 

147 (ienerjil Precautions (Model) Scherrie, 

14K Protection of your Ifoine against Air Raids. Piin’ id. 
(lid.). ' 

144 SiH'cifiratioiis, etc., in regard to the Permanent Pining of 
'I'rcm lics. I'rice ^d. (5^.). 

150. Stages in the Prejiaratitm of ti Pck’jiI Authority's Air Raid 
(ienerul Precautions Scheme, July tij.jS. Price id. (2|</.). 
151 Training of Air Raid Wardens. Price 
15a A.R.P. for tiavertifirent (xmtractors. Price 4^. 

153 Directions for the lirrction of Domestic Surface Shelters. 

Price id. (2|d.), 

154 Air Raid Shelters for f’ersons working in F'actories and 

Commercial Buildings. Price fwf. 

155 Air Raid Shelters, Rejiort on the laird Privy Seal's Con¬ 

ference. IMce (id. 

15(1 Hayes, " Elements of Ordnance." New York, ly^M. 

157 Cranj! and Becher, " Handliook of Ballistics," ’Volt. H.M 
Stationery Office, 1921. 

158. E.P.A.R. Memoiandnm, No, l, Inst.C.K. 

II II No, 2, ,, 

160 Commonsense and A.R.P. Maj.-Gen. Foulkes. A, Pearson 

Ltd. IS. 

161 A.K P. Handbook, No. 9: fmi tKli.uy Bomto and Fire 

Ptecautlons, 

i(>2 Die Watfen der Luftstreitkrfifte. Hohm. 

163 Air Powei in the Next War. Sjmight. 5s. Bles. 

164 Strategic Camouflage, Solomon. 21s. Murray. 

165 Trench, Surface, Bomb-proof and other Air-Raid Shelters. 

Amp Concrete Publications, tts. 

166 Matmels pur la defense centre lea gas de cmnbat. C 

Ivav.iiuelle e£ Cie., Paris. 
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167 A.R.P. Handbook, No. ix. Camouflage of Large Installations. 

H.M. Stationery Ofi&ce. 3^?. 

168 Planned A.R.P. Tecton, Arch. Press. 5s. 

169 The Design of Bomb-proof Shelters. Dr. Anderson, Inst. 

C.E. 6^/. 

170 A.R.P. (luide. Daily Telcf^raph. is. 

171 Camouflage in Nature and in War. Dr. Cott. R.E. Journal, 

December, 1938. 

172 A.R.P. Handbook No. 12. A.R.P. for Animals. H.M. 

. Stationery Office, 3^, 

173 Revised Code under Civil Defence Act. Cxi. 

174 Tactical Training in A.R.P. S. E, Thomas, is, 

175 A.R.P. Home Office Circular 140/1939—TTaining of Instructors 

L.A.R.P. 

176 Your House as an Air Raid Slielter. H.M. Stationery Office. 

177 List of Publications on (avil Defence. H.M. Stationery Office, 

178 Housing (Emergency Powers) Act, 1939. H.M. Stationery 

Office, id. 

179 K.ssential Buildings and Plant (Repair of War Damage Act), 

1939. H.M. Stationery Office, ^d. net. 

180 Fire Watchers Order 1677 (September 19th, 1940). H.M. 

Stationery Office, id. 

181 Emergency Powers (Defence) Oeneral Regulations No. 68 

(January 15th, 1941). H.M. Stationery Office. 2d. 

182 The Fire Prevention (Business Premises) Order No. 69 

(January x8th, 194X). H.M. Stationery Office. 2d. 

183 The Civil Defence Duties (Compulsory Enrolment) Order 

No. 70 (January i8th, 1941).’ H.M. Stationery Office. 2 d. 

184 Oeneral Priucij)los of Wartime Building. H.M. Stationery 

OfficCi 
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British Units, 

Metrical Iiqiiivalents. 

Metrical Units, 

British liqiiivalents. 

icu.in. : 

millilitres, 

I millilitre 

0*061027 cu. in, 

I „ „ 

• i-()3«()i70centilitre.s. 

I centilitre 

* 0*61027 „ „ 

1 gill 

■ 14 - 10«3 

1 

* II 

- 0*07043 gill. 

I pint 

o’507<)32 litre. 

I litre 

^ 1*76077 pints. 

I (piiirt 

I’i35H(t4 litres. 

1 II 

0*880387 quart. 

I gallon f 

' 4 - 54 .H 5 « 

1 litre i 

0*2200967 gallon. 

I „ - 

0*4543458 dekalitre. 

t dekalitre 

12*20097 gallons. 

I bushel 

' 3'b347W> dekalitres. 

I 

■0*275121 bimhel. 

I ' 

: o*3()347()0 hectolitre. 

I hectolitre • 

'2-75121 bushels. 


Weight 


British Units. Metrical Equivalents. 

Metrical Units, British Equivalents. 

Avoirdupois. 

I grain 64*79895 milligrainrae.s, 

I „ « 6*479895 centigrammes. 

1 „ « 0*06479895 gramme. 

I ounce “ 28*34954 grammes. 

I „ .-s 0*02834954 kilogramme. 

I pound i-- 0*45359265 „ 

1 cwt. 0*50802377 quintal. 

I ton 1*01604754 mlllicrs or 

tonnes. 

Avoirdupois. 

I milligramme- 0*01543235grain. 

1 centigramme = 0*1543235 „ 

I gramme i5'43235 grains. 

1 „ - 0*0352739 ounce. 

I kilogramme = 35*27394 ounces. 

I „ •■■5 2*20462125 pounds 

1 quintal « 1*96841 cwts. 

I millieror 

tonne •- 0*98420591 ton. 

I millier or 

tonne «2204*6 pounds. 
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1 ton |K!r sc|. ill. - 

bg, i*it j 

t kg |»fH Hi| tiiin, 

ton 


Hit ****»<■ 1 


H«H W| III. 

t Urn I'M^r Mi|. ft, 

iMiiyt'ii | 

1 jurH H*{ III 

ii'iimii tiitl 


|ii*r »<! iniHir. ,| 


|»rr f«| ft, 

1 lb. |wr CHI, ill, *•'' 

a'ojyftH kg, |*tH 1 

t kg |N(M 1 ij fin 

in-U'M lt«. |*f*r 


r rm, j 


rii III 

1 11), |wr ry. ft, ■ 

iconii'l kg, |ifH' 1 

i kg ftrr m inrtir 

- lit, 


ry, iiiPtry. j 


|«tH' I'M, ft 

I lb. I'MH'cHi. v*i. . 

kg. 1^1' 

1 kg |irr c'li, flirtr«^ 

1 |t«i, 


c'ti, riirtrr, | 


|irr rii, yif, 

1 lb, |wr giilL 

t:ycg|f|Hj kg. |w 1 

t kg |Hir birr ^ 

lbs. Iitpr 


It Iff*, i 


K*ilt 
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CLASSIFIED BUYERS’ GUIDE 


AIR RAID PRECAUTIONS 
EQUIPMENT 

Agfab Ltd 

Air Dcsfcmce Equipment Service. 
Angus, George, & Co. Ltd. 

Beattie, S, K., & Co. Ltd. 
brancis, T., Sc Sons. 

Ilelmate Ltd. 

L, & G. Fire Appliance Co, lid. 
Morris, John, & Sons Ltd. 
National Fire I'^otection Co. Ltd., 
Tlio, 

Pyrene Co, Ltd., The. 

Roberts, McLean Sc Co. Ltd. 

Siebe, Gorman Sc Co. Ltd. 
Sigmund Pumps (Great Britain) 
Ltd. 

Sutcliffe, Speakman & Co. Ltd. 
Valor Co, Ltd, 

Wallach Bros. Ltd. 

Woodhouse Products Ltd, 

AIR RAID SHELTERS (UNIT 
TYPE) 

Air Conditioning Corporation 
(Jeffreys) Ltd. 

Alexandra Stone Co. Ltd. 

Allen, W, G,, & Sons (Tipton) Ltd. 
Attoc Blocks Ltd. 

Bilham Sc Davis. 

Booth, John, Sc Sons (Bolton) Ltd. 
Braby, F.. Sc Co. Ltd. 

Bristol Stone and Concrete Co. 
Commercial Structures Ltd, 
Concrete I-td. 

Concrete Pipes and Manholes Ltd, 
ConstructoTH Ltd. 

Costtiin, Richard, Ltd. 

Croft (franita Brick and Concrete 
Co. 

Darlaston Galvanised Hollow Ware 
Co. Ltd. 

Ductile Steels Ltd, 

Ellis, John, & Sons Ltd. 

Ex))ande(l Metal Co. Ltd, 

(iitiings lAwro-Concrete Co. Ltd. 
Guest, Kean, Baldwins Iron and 
Steel Co. Ltd. 


AIR RAID SHELTERS (UNIT 

TYPE)-^ -coniinued. 

Head, Wriglitson & Co. Ltd. 
Hunziker (Great Britain) Ltd. 
Lewis Construction. 

Melville, Dundas and Whitson I..td. 
Muirhaad Shelters Licences Ltd. 
Nissen Buildings Ltd, 

Norcon Ltd. 

R.I.W. Protective Products Ltd., 
The. 

Scaffolding (Great Britain) Ltd. 
Self Sentering Expanded Metal Co. 
Ltd. 

Sharp, Jones Sc Co. Ltd. 

Solent Engineering Co. Ltd, 

Spun Concrete Ltd. 

Stanton Ironworks Ltd. 

Steel Ceilings Ltd. 

Steel Scaffolding Co. Ltd. 

Stent Precast Concrete Ltd, 
Trianco I-td. 

Trollope S: Colls Ltd. 

Trussed Concrete Steel Co. Ltd. 
Universal Floors Ltd. 

Wallis, G. E., Sc Sons Ltd. 

Wates Ltd. 

Westwood, Jos., <& Co. Ltd. 

Wilmot & Co., S. M. Ltd. 

Wright, Samuel, St Co. Ltd. 

AIR RAID SHELTERS (IN SITU) 

Anti-Bomb Constructions Ltd. 
Bracey Sc Clark Ltd. 

Bradford, F., & Co. Ltd, 

British Air Raid Shelters Ltd. 
Concrete Ltd. 

Expanded Metal Co, Ltd., The. 
Fairweather St Ranger, 

Francois Cementation Co. Ltd, 
Hall, Matthew, & Co. Ltd. 

Holland & Hannen and Cubitts. 
Liversedge Reinforced Concrete 
Engineering Co. Ltd., The. 
Matthcw.s St Mnmby Ltd. 

Mowlam, John, St Co. Ltd. 
Muirhead Shelters Licences, Ltd. 
Norcon Ltd, 
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AIR RAI0 SlIKl.TKItS (IN SITU) 

i'anfftiurd. 

in, 

Hirr # Still I 

Kmiii Hivin' C'»i. I,III. Tiitv 
Srif Stnilriiiig l-x 114 III It'll Htt. 

Llil^ 

HHiiihiii lnjiiWHik‘4 Ltil 

‘litViitr W'lrtwjltHV *'mintl Ml IttiU 

i.tii, 

r’lllVrihMl MttiiiH I,ill. 

ALAEM SYSTEMS iINTCHNAI.? 

AMS«»ri*tlril Inin Aliriii^ l.itl 
ilrirgtil Aliriiis l4tl 
ikHit # C‘«»^ Llil 

ALAEM SYSTEMS (STHKKTi 

AwiMniHwl iHw Aliiritw iatl 
AuttillwtH’ it Urrlnv 

i*i», l.til 

(‘iii'trr A C*<». |Nr|.wMi| i4tt, 

Gtiiit C'ti. I4tl. 

Stiiiitliiril md fiitilnn 

I4tl 

Slnljim Inin AliiriiiM iui*l Hlrctrund 
Ap|»lti:tiirr:?i C u. I;!tl, 

Wiiiinr'ii liinctinciil 
Co. I4tl 

AMEUtANCES 

Aiiitiri Cn». I4«l. 

l/iitwiii, ilnrlKirt 14.4,1. 

Mtirrim Vmmmcml Cum 1,44. 
Viitiichiill Mtifars Ltil 
Wll»riii # S|i»vk#iil t4tl. 

WofKlItiitiw Friicliivm I4il. 

AMBULANCE BEOS 

X), Mmaly # 'St»ri* 14*I 

ASBESTOS BKOTECTIVE 
KQCIBMENT 

Aftfiii, Ckmrg#. M Cii. t4tl 
Aitaltit Cti, 144, 

l'l©iri Aiti«it4;»» iind Hiigimrrittg 
S«ppli« I4il 

llritiili Xlffitiiig iirtil 144. 

Kiigliinniiitg Siiirw anil S§fvkm 
Ltd, 

.I., ii'iifl C, Fir© Appliiiiic© Cci. Ltd. 
Rcitwti, Mct^iatt « Cii, LIcI, 

Sitbf, Cforrtian A Cci, Ltd. 

ASFHALf (CAS ElSIiTIM©! 

,Eicel AiPitttll© Co. I4d. 

FkW A Fftliiwr Ltd 
Limiiitr *nci Triniciid lak© A^iilinlt 
Co. Ltd. 

Hatttml AspHtlt Minii-ciwneri m%d 
.Mannfmiiriri* Council 
Femanlt# Ltd. 


liATTEHIKS 

Sth iyitrlirsi 14*1, 

BELLS IFIRE ENCilNEl 

Awh intrd Inir Alniins t44. 

In4111 I' , tf 'SmII'i 

HINDERS* HOSE i OVnjSC 

Mn I ii'wr.*tl»n A Shsi-'I t.iit 

BLINDS f DARE I 
Atimli* Hlind * m 
Avtny, im . A Cn* 

HIh ktiMt iniliiit'Si 144 
Iai?yli'ia»?*4 144 

iiUm & Htiii. 

Vdiiiiiiitun* j . A Smt l4«l, 

BOOTS. Etc* 

Adiitim llrti:si. l4»l: 

Angir%, Lrtiigr. «t 14.*!, 

Ctitliiii'< Shitrtiuiknrs/ 

BRANCH FIFES AND NOZZLES 
Afigns, A C*) l4«l, 

Httlmlt limit' 4ml A|i|»lt4lli©li t'iV 

Lid 

lH3<un. S , t% Sriii 144 

Knowiilnv Cii^t Ltd, 

Min'rywtnilhnr A Staw l4d. 

Mfirrm. A Stnm l4«l, 

Slinrm, jrihn Lid, 

Fyrcn© Cn. IM ., I Ir 
lOdwm. Mi'Lean tt <'i». Ltd. 
Siiiiritd!^ A lirniiitinr. 

Siitttti Wrttnsi |l‘4rr» i*f«imr4itMi| 
Kngiiicnr* l,4d,, 4"l$n. 
t nil verm i C4i, 

Wititi, t'liiirlcs. A in» I4d. 
WiHMlhfiini© iTmliirm Ltd, 

BREATHINC AFFARATLS AND 
KESFIRATORS 

Angiii* i image, it, Cm, I Ml, 

Aiitifyre Ltd, 

Hritinti Civilliifi C#a# Mimk anil 
A|i|»ilific« I,4d.* Til©. 

Rritmli I4rii©||©rtn„i. Ltd, 

L, A t». Fiw A|i|iliatic;© Co. Lid 
Merry wnatlitr A Soiti Ltd. 
Hobitrls, McLtiiii A Co. Ltii. 

Hnwetl Ilrrm. 

Hnvglifii Ltd 

SInlie, Cforinaii A t'o. I4cl* 

Simonii A Hrcfiiner. 

Wallacli Hrm. 

BREECHtNCS 

F.riU%h Um%«' and A|i|ii4iiiic.« Cc». 
Ltd. 
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BUCKETS (FIRE) 

Angim, George, & Co. Ltd. 
Automatic Sprinkler Co. Ltd., The. 
luigineering Stores and Services 
Ltd. 

Taylor, John, Dunford & Co. Ltd. 

BUCKETS (CANVAS) 

Angus, Cieorge, Sc Co. Ltd. 

Simonis & Breniner. 

CARBON DIOXIDE 
EXTINGUISHERS 

I^yrene Co, Ltd,, The, 

CENTRAL CONTROL SYSTEMS 

Automatic Telephone Sc Electric 
Ckn, I.td. 

CORRESPONDENCE SCHOOLS, Etc. 

Bennett College, The. 

International Correspondence 
Schools Ltd, 

Metropolitan College. 

COUPLINGS 

British Hose and Appliances Co. 
Ltd. 

Dixon, S., Sc Son Ltd, 

Knowsley C^ist Metal Co. Ltd. 

L. Sc G. Fire Appliance Co. Ltd. 
Morris, John, & Sons Ltd. 

Morris, John (Firesnow) Ltd. 
lyrene Co. Ltd., The. 

DAMS (CANVAS) 

Angus, George, Sc Co. Ltd. 

Simonis Sc Bremner. 

DECONTAMINATION EQUIPMENT 

Auld Bruce, H., Sc Co. Ltd. 

Braby, Fredk., Sc Co, Ltd. 

Britisli Hose and Appliances Co. 
lAd, 

Butterfiekl, W. l\ Ltd. 

Imperial Chemical Industries I^td. 
Jardine, Whyte Sc Co. Ltd. 

Lister, Bros, Ltd, 

Solent Engineering Co. Ltd. 
Universal'Nozrie Co. 

Winn, Charles, Sc Co. Ltd. 

Wright, John, Sc Co. Ltd. 

DECONTAMINATION VEHICLES 

Dennis Bros, Ltd. 

Eagle Engineering Co. Ltd. 

Karrier Motors Ltd. 

Scammell Lorries Ltd. 

Shelvoke and Drewry I^td. 

Take and Bell Ltd. 


DE-SCALERS 

Clensol Ltd. 

Eric Engineering Co. Ltd. 

DOOR OPENERS 

Simonis and Bremner. 

DOORS (GAS TIGHT) 

Air Conditioning Corporation 
(Jeffreys) X.td. 

Booth Sc Son (Bolton) Ltd. 

Braby, Fredk., & Co. Ltd. 

Caston Sc Co. Ltd. 

Chatwood Safe Co. Lt<l. 

Costain, Richard Ltd. 

Crittall Manufacturing Co. lAd. 
Durasteel Roofs Ltd. 

Flexo idywood Industries Lid. 
Gardner Sc Co. Ltd. 

GreenwoocFs Ventilating Co. Ltd^ 
Haywards Ltd. 

Nissan Buildings Ltd. 

Norris, F. A., Sc Co. Ltd. 

Sandcll, Joseph, Sc Co. Ltd. 

Solent Engineering Co. Ltd. 

Tann, Jolm Ltd. 

Universal Steel Door Ltd, 

DRENCHER SYSTEMS 

The Automatic Sprinkler Co. Ltd. 

DRYING MACHINES 

Lister Bros. Ltd. 

ESCAPE GRATINGS 

Crittall Manufacturing Co. Ltd. 

ESCAPES (AUTOMATIC) 

Beattie, S. N., & Co. Ltd. 

Kerr, John, Sc Co. (M/cr.) Ltd. 
Safety Automatic Fire Escapes 
Ltd. 

ESCAPES (STAIR) 

General Construction and 
Engineering Co. I,.td. 

Norris, F. A., Sc Co. Ltd. 

Sebry's Architectural Ironworks. 

ESCAPES (TURNTABLE LADDER) 

Dennis Bros. Ltd. 

Kerr, John, & Co. (M/cr.) Ltd. 
Leyland Motors Ltd. 

Merry weather & Sons Ltd. 

Morris, John, & Sons, Ltd. 

Morris, John (Firesnow) Ltd. 
Simonis Sc Bremner. 

ESCAPES (WHEELED) 

Merry weather Sc Sons Ltd. 

Morris, John, Sc Sons Ltd. 

Simonis Sc Brenmer. 

Taylor, John, Dunford Sc Co. Ltd. 



APPENDIX VI 


780 

KXTINGiriSHKRS 

Aiitifyrp Ltd, 

Firp Alitriit^ I4«l. 

Ilritinh iiiHl ('ti. 

I4d. 

Cliirkp imd Vigtliiiif Sjiriitklrr« Ltil. 
IHmm, 4% S<in Ltd. 

St«»rPi itiitl Srrvirri 

Ltd. 

Fdtright Mrp 'Si^rvirw iind Sw|'»|iltP's 
Ltd. 

Fir« AppIiiifiPf LtE (l>kk*i 
Ltmmite Ltd. 

KyitiiiP Cn. Ltd. 

(ipripriil Firp A|i|:iliitiU!pCci, Ltd. 
liiiihiittfi {Sh0t?t M'lftiil Workwi) 
tdd, 

Ktirr, Jtihfi, A Cii. Ltd, 

L. iintf CL I*1r« Aiiidiniic^B C*o. Ltd, 
Mitiwr ^ Fliitl, Idd. 

Marrywnather A Sam, Lt<i, 
William Millar {Cflaigtiw) I del, 
Minimiiic Ltd. 

Mt>rrw» Jfdm, A Son* LttL 
Natitiniu Fira i*rc)lactiiin C‘n, Ltd., 
Tim. 

Nuawift t-taglnmini: Co, Ltd., Tha, 
I'*yranaC*», t.id./Ihr, 

Havarihow Ltd. 

Hand A C^tmidmll l4d, 

Jiitey A Co. 

Safety Antomalic Fire Ltd. 

Simoidi A llremner. 

Sincliiir A Co, 

South Wal« |l•’*ir© IToletdkml 
Kri|inf«ri Ltd.* The. 

Tiiykir. Jolin* l>nnfofd A CTj. Ltd. 
Viilcir Cth Ltd. 

Walker A llcilroyd (io|j) LliL 
Walker Perfeciliiii Fire EmUo* 
gwiilter Ltd, Tht, 

Walltali firo«, Ltd, 

Wimtianii Ltd. 

Wimi, Claris, A Co, Ltd. 

mHIAtlOM W.Alff 
Abair Kiiginr«-i log Lt4. 

Air ilaulittouMui CofiN^ratitm 

(Jeffreyt) Ltd., 

Air Contr©,! Ifiit«ll*tio,m Ltd, 
AirMtard Ltd 

A,ll4ty* Willltm,ACo. ,Lfel. 

Ilwby, Fndfe.* A Ltd. 

IlritiA Brttpr Co* Ltd, 

IIm^ a HickmtJtt LM. 

Ciiftdtr Air Coadittotoif Co, Ltd. 
‘Cirrte Engineering Cu, LM. 

C<»|©iit C'oiPitrnrtma* LM. 

QdtMI, Klehaid, A <li. LM. 
Davidioii A Co. LM* 


FILTRATION PLANT >:ANTI-i;as) 

i*frrimmnh Vnfiiiiiitirig C«i„, Ltd, 
Keith* llliii'kstoiii Lfil, 

Lamsfm I’n, Lid. 

Mtdlfa* I('ll,, Ltd. 

Keevr, J, Iv, A S»ii Ltd 
Slainlartl A l*ii*hlii Horn, Lid 
Stiirtevaiil i;.;-: ("«i, Lit|. 

Snim- d I ?,! 

Hntrlitlr, H|andttuifi A «'u * Ltd. 
Tanti, J,fihti Ltd, 

’l‘at|»en h-m: Cu, Ltd. 

Vartinm KeirigrraUint Lid, 
Widiac'ti Uriel. Ltd, 

FIRE DOORS 

IkKilh, ji.#hri, A Soiii*,, 

Safe Ci», fdil. 
iHiraiileet Itieifi Lift, 
llaywurdi Lltl. 

Mather A l*hiU Lol 
Taiin, |olm* Ltd. 

FIREPROOF PL^RINC; 

Attoc IlifM'k* Ltd. 
fmi'mriiil Cltemnrat Itidtifiirn** Ltd. 
King* J, A.* A t'o. Ltd 
Smilh’a Flre|irmd Miair* Ltd. 
Triificn Idd. 

ihieek Cl ins triir lit * 11.11 I.td. 
Lttiverwl Flooin Idd. 

FIREPROOFERS, STRtCTCRAL 
TIM HER AND TEXTILE 

Aalanioi Mre|;ir«aif and Ckmeral 
iliint C‘o, Lttl. 

Ctalder* lohn, A C*«, l4f,|. 

Onyfortl Mte|'n-«4ins.r Oi. l4d. 
Imfarlal idiiiittefd IinlnitriiM l.4d., 
Newatlii In*y|atkin Cl*, Ltd. 
,l%rrotl A IVrrott l,4d. 

Hoberta* L W.* LM, 

Titnlmr F'ne|*rminng fti. Ltd. 
IValker Holntnaa Ltd 
^iit Ltd. 

FIREPROOF PANELLINC 

Brow'ii ATiW';r Lid 
fi,X Fkilkf Lt«L 

Co-llactiM and lTa,ldii Ltd, 

Dnrtiteel ICi:»fs Ltd. 

Ciabritl W«i§ A Eniliili Ltd. 
King. J. A.. A Co. LtcL 
Flyb«k» LtiL 
Smitli, Stanley* A Cl». 

Tticktr Arinciitmi I’lywcwl Co, 
Ltd. 

V««t» LtiL 
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FIRST AID KQUIPMENT 

Ikitish liose and Appliances Co. 
Ltd. 

luij.dn(‘<*rirn^ Stores and Services 

IM. 

Knowsley Cast Metal Co. Ltd. 
Winn, Charles, Sc Co. Lt<l. 

FIRST AID SUPPLIES (MEDICAL) 

Angus, (ieorge, Sc Co. Ltd. 

Boots Manufacturing Ltd. 

Britisli Drug Hotises Ltd. 

British Oxygen Co. Ltd. 

('ux.son. Cforard Sc Co. Ltd. 

Dnhuas, A, da St., Sc Co. Ltd. 
Inhalation Institute Ltd, 

Maw, S., Son Sc Sons Ltd. 

Minimax I.td. 

Sieba, Ciorrtian Sc Co. Ltd. 

Sutcliffe, Spaakmau Sc Co. Ltd. 
Taylor, Edward, Ltd, 

Tor Etpupnient Co. Ltd. 

Wallach Bros. Ltd. 

Woolley, James, Sons & Co. I-tcL 

FIRST AID TENDERS 

Leyland Motors Ltd. 

FLOODLIGHTS 

Francis, T., Sc Sons, 

Morris, John, St Sons Ltd. 

Simonis Sc Bremner. 

Tilley Lamp Co., The. 

FOAM EXTINGUISHERS 

Foam it© Ltd. 

Minimax Ltd. 

Morris, John, Sc Sons Ltd. 

Pyrene Co. Ltd., The. 

South Wales (Fire Protection) 
Engineers Ltd., The. 

FOAM GENERATORS 

Foamit© Ltd. 

Merry weather Sc Sons Ltd. 

Pyrene Co. Ltd,, The. 

GAS DETECTING UNITS 

National Fire Protection Co. Ltd., 
The. 

GAS-PROOF DOORS,, SHUTTERS 
AND WINDOWS 

Air-Conditioning Corpox-ation 
Jeffreys) Ltd. 

Braby, Fttdk. G., Sc Co. 

Cellactite and British Uralite Ltd, 
Conjoint Constructions Ltd. 

Crittall Manufacturing Co. Ltd, 
Greenwoods Ventilating Co. Ltd. 
Guildford Glass Works Ltd. 

Norris, F. A., & Co. Ltd. 

Solent Engineering Co. Ltd. 


GAS-PROOFING MATERIALS 

A.G.P. Co. Ltd. 

Dunlop Rubber Co. I-td. 

Gas Proofing Co, Ltd. 

Industrial Controls Ltd. 

Jones, John (Steelcrete) Ltd. 
Mollex Metals Ltd. 

Sealocrete Products Ltd. 

Siebe, Gorman Sc Co. Ltd, 

Sorbo I^td. 

Winn Sc Coalas Ltd. 

GLASS (SAFETY) 

British Indestructo Glass Ltd. 
Mouldright Ltd. 

Nicholls Sc Clarke Ltd. 

Pilkington Bros. Ltd. 

Triplex Safety Glass Co. Ltd. 

HELMETS (FIREMEN’S) 

Angus, George, Sc Co. Ltd. 

Dixon, S., Sc Son Ltd. 

Helmets Ltd. 

Hendry, James, Ltd. 

HOSE (DELIVERY) 

Angus, George, Sc Co. Ltd. 

British Hose and Appliances Co. 
Ltd. 

Dixon, S., Sc Son Ltd, 

Lewis Sc Tylor Ltd. 

L. Sc G. Fire Appliance Co. Ltd, 
McGregor Sc Co. 

Morris, John, St Sons Ltd. 

Moseley, David, & Sons Ltd. 
Pyrene Co., Ltd., The. 

Ravenhose Ltd. 

Eeddaway, F., & Co. Ltd. 

Rose Hose Co. Ltd., The^Wm. 
Simonis Sc Bremner, 

Taylor, John, Dunford Sc Co. Ltd. 
Walker Perfection Fire Extin¬ 
guisher Ltd., The. 

HOSE (FIRST AID) 

Ravenhose Ltd. 

Taylor, John, Dunford & Co. Ltd, 

HOSE (SUCTION) 

Dixon, S,, Sc Sons Ltd. 

Ravenhose Ltd. 

Reddaway, F„ Sc Co. Ltd. 

HOSE CARTS 

Dixon, S,, Sc Son Ltd. 

Morris, John, Sc Sons Ltd. 

Morris, John (B'iresnow) Ltd. 

HOSE CRADLES 

Morris, John, Sc Sons Ltd 
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HOSE RAMPS 

SfliJtli Witirfi fl'iir ri*i|t*« 

Kngiiiws Tlir. 

HOSE REELS 

Aiigiij*!, Grtirgf, i*c* i’lt, Ltd, 
l4iL 

OtMlill, H,, Snii 
Kt-ir* Juliii, it. i“«i, 14*1. 

KiKiwsIry .\lr4iii <’<i I 44 I. 
Myrrtji, Jnlin, ^ Suim Ltd 
MsirriM, Jului fl4d, 
,N;itii4Ull idtr l*|ii»tr<4ii»ft t «», Ltd., 

Tlw. 

i^yrintr Lf», L4d., ’I"hr, 

Siifoty AutwiiiitUr Id it’ Lst:'ii|N(r4 Ltd. 
l'ityli»r, Jtjhit, 1 % t'i» Ltd, 

Wi’iiii, C,1uitlr,ji, i% C'V», Ltd., 

HYDRANT KEYS AND BARS 

'iti»atti«4, S. N., ft C‘i», Ltd. 

K.tvrjih* .',. 1 * Ltd. 

ft Ilmiiiirr 

HYDRANTS 

BlitkalKmiiigli, J.., ft Ltd. 
idridiidti ft kpHiirdy Ltd. 
i#yc*»t ft C’hi'iiiirM Lid., 

Hitm, .ILikrr ft C 4 :», Lid. 

INSTRUCTIONAL EQCITMENT 

Rcitierlii, Me Limit ft iu. Ltd, 
ikiritwri ft C,'ri, |.4d. 

Ilfitvrrfiiil Air Lirfriiir Srrvk'e'. 
W«MKll'iin.iw Lri.ic,lui;t.i l.4i.L 

JUMEINC SHEETS 

Idiciiri, S., ft Siiri Lid. 

Simoiti« ft 

LADDERS (EXTENSION AND 
BOMBIER) 

l td. 

S., ft Siiri .l,.tcL 
I>rew, Clark ft i'Ti. 

Kerr, Jriliii, ft C!o, (M/cr.) Ltd, 
MerryWfffither ft Swii LicL 
Morrii, J«d«i, ft Ltd, 

Morris, jolm fLlresiiow) Ltd.. 
Simon is ft llrimiwr, 

Sontli Wiliii (Idrt l*rote«:tkiii) 
Infinttw Ltd., The, 

ummm (miscellaneous) 

Angiti, ft t"fi. Ltd, 

Brntm, S. 

Gravity Ltdeiew LUL 

W,illto, ft. B&m Ltd. 
Tayfe Joliii, DttnfeM ft Co. Lui 


LAMBS (BORTABLEl 
Briittie. S, N , ft t4i Ltd, 

Lvrr krativ IIiiIaiiiI 

Ltd 

Xife .H4tteii*’«4 I.Id 

\o\ Lir« lilt' r*,i I .Id,. I'lie. 

Smitle S,. ft )>^nm |.\l A | Ltd. 

Wrlth t'».# Lid 

WiHMihuis^f" LiimIiii Ir* Lid. 

LILHTINt;, EMERGENCY 
lACKTYLENE-^ 

Hfitidi t iibVgrti t‘i’» Ltd. 

LltdlTING EgiTI'MEM 

ti EC, 

Ni'in Elri'lfir l,4Ui'i|<tM Lid,, 1'iie, 

Li(;HrLNi; systems, iiatit kv 

lialteritn I4d, 

i' A V ‘ Him h 14d 

c4d»»ride i'dw liiial ^dta*4|4r I'u, Ltd. 

Krr|'44|ilr 

M« It 1 414 , J«dm, ft S«ai« Ltd. 

Nile Ilal.t*4'it*?4 Lot 
Sitdie, C,#iirman ft Cn, Lid. 

LIGHTING SYSTEMS iBETROL OR 

DIESEL DRIVEN) 

Air C«iiiilitii',ming C'lifimratiitm 
C}eHrev»| Ll*L 
HL'if"k*il«4ie ft i‘»i, Ltd. 
lAirler ft i'o, fNrkiiiil Lid. 

L,inter, tC, A , ft t4i, I4tl 
New ,Hek|Hiiie IdigiHie Cn. I.lil, 
HeUern l4d. 

Htplon ft lEiriwEv Lid. 

Stiliter Hrrm. |l,*«f4ii«ii| l4«L 

LINEi 

SitiMiiiia ft Urmmtm. 

MANHOLE COVERS 
lltirii |t4,:indi*t») Litl. 

CriUall Miimiliit;tiirirtg C«i. IdiL 
Ikivef L'urMi'*'!-?tir.: MWk* I4.d. 
GwwL Kmn, ilakbviiii Iriiii aiiiI 
Stntil ikh Ltd, 

IlnyW'itrds Ltd. 

MONITORS 

tHmm^ S., ft Soil Lid, 

Ki4ti'W*ley (.'«al tai, l4d, 

i^yliind Mcilor* l4i,L 
Merryweatlier ft Sotw l'4cL 

noe:;£LES 

Braaeli 
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OFFICE RECORD SYSTEMS 

Morlaiid & Inipay Ltd. 

Homo Lt<I. 

Hyman, II. J. Ltd. 

OXYGEN CUTTING EQUIPMENT 

Britkli Oxygen Co. Ltd,, Tim. 

FAINT (CAMOUFLAGE), Etc, 

('ai'Hon, Walter, Sons Ltd. 
UrynamelH Ltd. 

I'Veeman, J., Sona & Co. Ltd. 
(kKKllaHH, Wall & Co. Ltd. 

C.Jreyfriars Products Jd<l. 

Orifllths Bros. Sc, Co. (I.ondon) Ltd. 
Imimrial Chemical Industries Ltd. 
Ixciystona I^iiint Sc Varnish, Co. Id,d. 
NichoUs & Clarka I4:d. 

Nobel Chemical idnislms. 

I'dnchin, Johnson Sc Co, Ltd. 

Silicate Paint Co. Ltd., The. 

St. Helena Colour and Varnish Co, 
Ltd. 

United Paint Co. Ltd., The. 

PAINT (FIRE RESISTING) 

Blundell, Spence & Co. Ltd, 
Freeman, Jos., Sons Sc Co. Ltd. 
Goodlasa. Wall Sc Co. Ltd. 

Griffiths Bros. St Co. (London) Ltd. 
Imperial Chemical Industries Ltd. 
Nicholls Sc Clarke. 

I^orcella Products Ltd. 

Seapak Insulation Co., The. 

Si. Helens Colour and Varnish Co. 
Ltd. 

PRIMERS (EXHAUST) 

British Hose and Appliances Co. 
Ltd. 

Coventry Climax Engines Ltd. 
Dennis Bros, Ltd. 

PROTECTIVE CLOTHING AND 
EQUIPMENT 

Abbot, Anderson & Abbot Ltd. 
Angus, George, Sc Co. Ltd. 

Anti-Cias Ltd. 

Barr, N., & Co, Ltd. 

Bells Asbestos & Engineering 
Supplies Ltd. 

Chamberlins Ltd. 

Currie, Wm., & Co, Ltd, 

Dunlop Rubber Co. Ltd. 

Great Grirabsy Coal Salt and 
Tanning Co. Ltd., The. 
loco Rubber and Waterproofing 
Co. Ltd. 

{ olmson Sc Sons Ltd. 

„ & G. Fire Appliance Co. Ltd. 
Mackean, Edward, Sc Co. Ltd. 
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PROTECTIVE CLOTHING AND 

EQUIPMENT—rowri'wnr^/, 

Maw, S., Son Sons Ltd. 

M(u*ry w(‘a,i.Iicr Sc Sons Ltd* 

National h'iro Protection Co. Ltd., 
The. 

North Ih'itish Rubber Co. Lid. 
Roberts, McLean Sc Co. Ltd. 

Seiker, James. 

Siebe, Gorman Sc Co. Ltd. 

Walters, H. E. 

\hiille, John. 

PUBLIC ADDRESS SYSTEMS 

i>'ountain, Guy R. Ltd. 

Microphone Tuiuijiment Tdd. 

Public Address Eciuipment Co. Ltd. 

PUMP TRAILERS 

Brockhouse, J., & Co. Ltd. 

PUMPS (APPLIANCES) 

Dennis Bros. Ltd. 

L'oamite Ltd. 

Kerr, John, Sc Co. (M/cr.) Ltd. 
I.cyland Moiors Ltd. 

Morris, John, Sc Sons Ltd. 

Morris, John (Blresnow) Ltd. 
Pyrene Co. Ltd., The. 

Scammell Lorries Ltd. 

Sigmund Pumps (Great Britain) 
Ltd. 

Simonis Sc Bremner. 

Suker Bros. (London) Ltd. 

PUMPS (CENTRIFUGAL) 

Beresford, James, Sc Son Ltd, 
Blaw-Knox Ltd. 

Dennis Bros. Ltd. 

Pyrene Co. Ltd., The. 

Suker Bros. (London) Ltd. 

PUMPS (FIRST AID) 

Conjoint Constructions Ltd. 
Scammell Lorries Ltd, 

Winn, Charles, Sc Co. I.td. 

PUMPS (HAND) 

Angus, George, Sc Co. Ltd. 

Dennis Bros. Ltd. 

Dixon, S. Sc Son Ltd. 

Foamite Ltd. 

French, W. T., & Son Ltd. • . 
mil, H. H. Ltd. 

Kerr, John, Sc Co. (M/cr.) Ltd. 
Morris, John, Sc Sons Lta, 

Morris, John (Firesnow) Ltd. 
National Irire Protection Co. Ltd,, 
The. 

Pyrene Co. Ltd,, The. 

Siebe, Gorman & Co., Ltd. 
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PUMPS (HAND) 

& lliniiitrr, 

Htiirth W.ilrs i 

Kngiijwrw 

\VuI«lrfiii/'riit* PltJlii* ll..« o, flM-: 

PUMPS fPOETABLEl 
Ilhtw4\ii<iic. Ltd. 

IkniniM Lid. 
tdirwDft, t', IL* it StiiiH Ltd. 

Iditjr, Hrttiiilry & L’*». LliL 
Mtirrw* J«diiu it Si»iw Ltt|. 

PyrrriD Li*. Ltil., Tlir, 

Kt|i'iiyiii! jtimit Hrtliuii) 

iJtL 

PUMPS (KECIPHOCATIN'Ci 

Merryweiithftf ft Sturw Ltd. 

PUMPS CtHAItEHS) 

I'lart^foid, ,Lunr-., A Ltil. 
Illack«tofic!’ft Cl*. Ltd. 

G'lveiiiry tdiiiiiiic Kriginw, l4«L 
Dafiriiti l,ttL 

■Gilbert, Cdikw ft CkJrduii Ltd. 
'GwyiiiLii Ltfl, 

Kerr, Jobn, ft LM/er.) t4d. 

Merryweitllit^i' ft Htiriii l4d. 

Morrk, John* ft Siiiw l4d. 

Morrii, John Lid, 

Natbriid Fire iVatifctkifi tki. l4tL, 
Thfi. 

I^liomelei LtygiiD-ruitg C«n Ltd. 
Pyrene Cci. Lid,. 'Mi*'. 

Setnimell Ltd. 

Sitmeiis, Sclitickert {Gwiit 
Ltd. 

Si|nniisd Ptim|» (iJreat llritnitt) 
I4cl, 

SimiiiJiii ft liritriinifr. 

SmIiw liroi. (yiiicliiii) l.4«i. 

RACES AMP SIlIvLVINC 

C'hatwcjod s,de Lt*. l4d,, The. 
Cenitrnclori Ltd. 

REINFORCEMENT FOE 
SHELTERS 
Adiuuite ('«!. tJii, 

Air Cenclitioaiag 
(liteyi) Ltd. 

Clialwt^ Hal® €s. Ltd,, The. 
Iliiatley ft S|mrk» Lt«L 
tedtnted flftr and Concrete 
Enfiawinf Co. Ltd. 
lit^ Steel ITociticti L^. 

JohMOMi Reiafiireed Concrite 

EnfiiHpewrtefi Co» Ltd.. 

:McN#lI, f., I Co. Ltd* 

MMh StetL 

M,ttla SmioW LM. 

Kewioiute Ltd* 


UEINFtiHCEMLNT FOR 
SHELTERS * iird 

LdiiiK I'h |l\ii«*iii| Ltil, 

Huoi Kjvrr t'«*. Lid, 

“L.tioi, jMbii. Ltd. 

Tl'imM’d Liifiiliflr Sirri t'n, Lftl 

ritt* 

Twi^itrri Lrild*«frriiit-lit Ltd, 
Li*ivri»..ti M»m4I'’s Lid 

REPAIR OUTFITS fflOSE} 

Muriiji, jidoi, ft SiitDi Ltd, 

RE.SPIRATOR PARTS 
S, ft II, IGvrl r.i, 

RESPIRATORS 

Hr»r Umilhillg A|»j«iri4tw, 

RESUSCITATlN't; APPARATUS 
Kidwilii, ft Lid, 

Sttd'ifx iirirntwfi ft ('«. Ltd. 
S|mtkh4.# l4d. 

SAFETY OEVICES 
Krrr, John, ft r*i fM/rrd Idd. 
Pyrene C‘i». Ltd , The 
Sielm, (.birirsiin ft Go, l,4d. 

iAFETY DEVICES iSHELTERS,i 

Coii.iit,ru«4<irii. Ltd, 

Melhir. Ilr«4idey ft cAi. Lid. 
Stitcblfe, S|:w?iikriyiii ft iln, Ltd. 
Wiilhiidi lltitt. Lid,. 

SAND CONTAINERS 

W. P, Itiitterfield Ltd, 

lANDBACS 

liirmiiighiiiit lliig Co., 1’he. 

Ulmk, W. CL. ffttL 

llr«,ik» ft, Co. Lid. 
l^iridoti Sark ft Hag t.Li. 

Matecilrii, Ctellvlt ft Co. Ltd, 

Martin, L W., ft Co, 

Swtitli, Johii, ft Co {laiiicliiii. E4 
lAd. 

Thaits« Slick ft lliiii C„o, Lld» 
VVilh‘>idi4't Pii|»rand t,-fiiiva,!i Worki 

m. 

SANITATION 

Air4t.d G.ibiupt Cri. LlcL 
Holding, Jolm, ft Son Ltd. 

Eliiii llaniifii€liirlii| € 0 , 

Elt, Georp. 

Jtyis* ,Fhi,itL 

atirliiif Mftfiiifacttiriiif Co, Ltd., 
The, 

Trantfiort PoginrMdii: Ltd. 

Wackett Ho.-,.. I 4 d. 

SEARCHLICIITS 

Er.incr-, T., ft ,%,»• 
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SHELTER LININGS 

lioyd Hoards Ltd. 

Lock Sheet Lining Co. 

SIRENS 

Associateil Idre Alarms I'.td. 
Beattie, S. N., & Co. Ltd. 

Carter & Co. (Nelson) Ltd. 

C.lmlk Sc l-^'larris l.td, 
h'rancis, T., Sc Sons. 

Gent Sc Co. Ltd, 

Hunt Sc Mitton Ltd. 

Klaxon Ltd, 

Newman, Hender Sc Co. Idd, 
l^ulsometer Engineering Co. Ltd. 

SPRINKLER SYSTEMS 

Automatic Sprinkler Co. Ltd., The 
Clarke Sc Vigilant Sprinklers Ltd. 
Independent Sprinklers Ltd. 
Mather & Platt Ltd. 

National Fire Protection Co. Ltd., 
The. ’ 

STANDPIPES 

Angus, George, & Co. Ltd. 

I^ritish Ho.se and Appliances Co, 
Ltd. 

Dixon, S., & Son Ltd. 

L, Sc G. Fire Appliance Co. Ltd. 
Merry weather <& Sons I-td, 

STEEL ARCHES 

Appleby Frodingham Steel Co. 
Ltd,, The. 

C'argo Fleet Iron Co, Ltd., The. 
Colvilles Ltd. 

Consett Iron Co, TAd., The. 

Cordes (Dos Works) l-td. 

Darlington Rolling Mills Co. lAd. 
Dorman, Long & Co, Ltd. 

Glencairn Metals Ltd., The. 

Guest, Keen, Baldwins Iron Sc Steel 
Co. Ltd. 

Johnson's Iron and Steel Co. I.td. 
Lanarkshire Steel Co. Ltd. 
Lancashire Steel Corporation lAd., 
The. 

Monks. Hall Sc Co. Ltd, 

Park Gate Iron and Steel Co, Ltd., 
The. 

Haine Sc Co. Ltd. 

Shelton Iron, Steel and Coal Co. 
Ltd., The,' 

Skinningrove Iron Co. Ltd., The. 
Steel Arches I-td. 

Tredegar Iron and Coal Co, Ltd. 

STRAINERS 

Dixon, S., & Son Ltd. 

Kerr, John, & Co, (M/cr.) Ltd. 
Ravenhose Ltd. 


STRETCHERS 

Kingfisher Ltd. 

Maw, S., Son & Sons Ltd. 

Morris, John, Sc .Sons Ltd. 

Tor liquipment Co. Ltd. 

SUNDRIES AND EQUIPMENT 

Air Defence Equipment Service. 
Beattie, S. N., Sc Co. Ltd. 

Braby, b'redk. Sc Co. Ltd. 

Britisli Hose and Appliances Co. 
Ltd. 

Clark, Hunt Sc Co. I.td. 

Dennis Bros. Ltd. 
iA)amite lAd. 

Gibbons, J., lAd. 

Hardware I^roducts Ltd. 

Hendry, James, Ltd. 

Karr, John, Sc Co. (M/cr.) Ltd. 
Knowsley Cast Metal Co. Ltd. 
Koncragas Ltd. 

L. Sc G. Fire Appliance .Co. Ltd. 
Merry weather a Sons Ltd. 

Morris, John, Sc Sons Ltd. 

Morris, John (Firesnow) Ltd. 
National Fire Protection Co. Ltd., 
The, 

Nicholls Sc Clarke Ltd. 

Nissen Buildings Ltd. 

Pyrene Co. Ltd., The, 
lilavenhose Ltd, 

Rays Models Ltd, 

Keddaway, F., & Co. Ltd. 

Safety Automatic X^'ire E.sca|)es 
Ltd. 

Siebc, Ciorman & Co. Ltd. 

Simon is Sc Brcmner. 

Solent Fhigiueering Co. Ltd, 

South Wales (Fire IToteetion) 
Engineers Ltd., The. 

Sutclilfo, Speakman. Sc Co. Ltd, 
Taylor, John, Dunford Sc Co. Ltd. 
Universal Air Defence Services. 
Wallach Bros. Ltd. 

Winn, Charles, & Co. I-td. 
Woodhoiise Products Ltd. 


TAPE (GAS SEALING) 

A.G.P., Co. Ltd., The. 
Durex Abrasives Ltd. 
Winn & Coales Ltd, 


TELEPHONE SYSTEMS 
(INTERNAL) 

Automatic Telephone and Electric 
Co. Ltd, 

TELEPHONES (ESCAPE) 

Francis, T., Sc Sons. 

3 * 
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TENOEUS 

Dwifiii liroii., Ltd. 

Fiinl Motor C*«. Ltd, 

K«rr, Joint, ft Co. fM|rr J 144. 
Morriii. John, ft Sorts 144. 

Morrii, Joint fFiresiittwj I4il 
Hattonai Firt Lrotrcttoii Co, Ltd., 
Ilia. 

Siimmin ft llratitfiar, 

VAWKliiUt MoUiti i4d, 

fESTIN€ OUTMW FOH MftlNf 
Am IIYDRANI^ 

Morris* C. Varnoii. 

TIES. -AM. 

IlitM-WMva Ltd. 

TEIHCH EEVETTIHC 
Ellis. John, ft Sofit LtiL 
Itimm 144, 

TYRES (ENKUMATICt 
Avon Indiu Kuhhio t*o. Ltd. 

Dnrtbp Hnhl»r C'o. l4iL 
North iirltlih Hiibliaf Co. Ltd 

UNIFORMS AN» ACCOUTREMENTS 

Angus* Caorp* ft Co. Ltd, 
Cairtpton, J.* Som ft Webb Ltd, 
Hanary* Jitmw Ltd, 
ilobii'Mi ft Sciitii ll/inclon) Ltd. 

IC#y* tkorge* Ltd, 

Morrii* John, ft S«ms Ltd, 

Olterd* Wtitaifriha ft Co, LtiL 


ILSTEORMS ANO ACCOUTREMENTS 

.■lonrooii’f/ 

KtiUla. J 

Hfhiiridais, S . ft Sna*, 

Siiniiliis ft ihriiiiirr. 

I'nylor. John, iHiiilont ft Co, Lfi|, 

WotHlIitiMsa Cri»lni:|i4 14*1, 

VALVES AN0 EITTINCS 

Aolimnitit: Siinnktrr Co, Lid.. 
Tha. 

Ihitiih liima *104 Co, 

i4d. 

I>ani4i Ltd. 

Id non. S., ft Ltd. 

Kitowilay Citst MaUt C'o, Ltd. 
Slorrii, John, ft Ltd. 

Mnirii. John (Io<r-,n.,»A ? Lid, 
Lyrana C«,», Ltd,, 'Hia. 

Winn* Clmrlan. ft 1 * 0 , 1,44. 

VENTILATORS fCAi TICIITl 
GraanwiEMCs Vantihiting Co, l4d, 

VULCANISERS 

Simot t Id 

WINDOWS ICAS TICMTJ 

Br^by. Eradk,, ft Co, Lid, 

Critliilt Sl^ntiliiciiirliii Co,. 1,44* 
c.iraafiwi,M«Cs Vrnlikiing i,*o. l4d, 
l-laywards Lid, 
l"io|», llanry. ft Soiw l4<L 
Wtuiatii* ft wilhaitiii Ltd, 
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CAMOUFLAGE PAINT SURFACES CHART 

ssucd by Tim (‘amouflack Committke ok the National 
['■’kdekation of Associated Paint, Colouk and Varnish 
Manufacturers of the United Kingdom and rcprodiKH'd 
by their permission. 




CAMOUFLAGE PAINT SURFACES CHART 


Thih Surfaces Chart is intended to be a guide, and only a guide, 
to those who are called upon to decide whicli of three distinct types 
of Camouflage Paint is likely to be the most suitable for application 
to some particular structure, 

In some of the sections, all three types are listed, in some two, and 
in two cases only there is but one type of paint listed. The absence 
of any reference to it in the ajipropriatc section of the Surfaces Chart, 
means that tliat particular paint type should not be used; on the 
other hand the sequence in which multiple references are made 
implies no order of merit and no discrimination is intended or should 
be made in this sense. 

So many factors relating to such things as the circumstances of 
apiiliiuition and the precise nature and condition of the surfaces to 
be painted, enter into the performance of a paint, that the final 
.selection of the paint type to be used should be made “ on the job,” 
and in making this decision the advice of " (qjprovcd ” manufac¬ 
turers and suppliers of Camouflage Paint should be sought. 

The figures of approximate coverage capacity are given only as a 
guide. The cjuantity used will vary with the character, condition 
and previous treatment of the surfaces to be covered, the skill of the 
decorator, weather conditions and other factors, the effect of which 
cannot bo accurately determined on a general basis. 


This Chari does not apply to roads, macadam or grass. 


On 

Siirmeo of 

Use 

No. of Coats 

Coveraga (per coat) 

AiW«T 08 

SH««TINa— 

Niw 

Oit-notiND Watur Paint or 
HiTUMtNOiirt ICmulmion Paint 
Oil bound Paint 

uiicd at the correct noiisis- 
tene.y (i.r„ sli^ihtly thinner 
than t)u oilier surfaces ow¬ 
ing to tha porosity of 

3 

(Jritty , 
Nun-gritty 

60“8o sq.yd.pertjwt 
*50-175 » „ ,7 n 


Asl'cslos Sheeting). 

Emukwn Paint 

2 

Gritty . 
Non-gritty 

60-80 „ „ „ „ 
150-175 >1 ti ft tf 
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Un Unpiliitiul 
Surface uf 


'I’lL* k Slatk 
Koura 


t’fWCWKTE k 
Cjsment—Nkw 


COMCEKTE k 
Cimint—Olu 


Bitumen Feit 
Hour & 

Shiktino 


Wooi:)"*Baee 


Woou- 

Crioiowu 


ffAtVANItlD 
Iron New 
(Th<* (ialva- 
niard Iron 
fihould 1 »‘ dc” 
gretied bafora 
iwititing.) 


Iht 

No. of 
Coats 

Flat Gil Paint, 

Oiu uotiNi) Water Paint or 
HrruMiNuusl'.MiM.aioN Paint 

Flal (HI Paint 

0 U 4 mful Wakf Paint 

PUumimus Kmuhim Paint 

X or 2 coats 
as required 

I or a coats 
as required 

I or a (;oats 
as required 

OiL-nmjNu Water Paint or 
BmmiNuiw PiMtn.8iON Paint 

Oil’bmiHd Wakr Paint 

Biiuminmts Hmuhim Paint 

I or 3 coats 
as required 

I or 3 coats 
as required 

BiTUMiNoim Kmulsiun Paint 

OiL*HotJNi) Water l‘AiNTor 

Flat Oil Paint 

BUutnimuH Emukion Paint 

Oil’bound Water Paint 

Plat (HI Paint 

Because of the abnormal 
absorption of this Hurfaee 
it Ih recomrtieuded that up 
to 25 per cent, by volume 
Boiled Oil be added to the 
lirst eoat <<f P'lat Oil Paint, 
In extreme eases it may be 
m-eossary to use a specially 
formulated primer. In 

tlU'Se e.ases apply to the 
manufacturer supplying 
the piliit. 

I or 2 coats 
as required 

X or 3 coats 
as required 

I Primer plus 

I coat of paint 

Pitumimiis Emuluon Paint 

I or 2 eonts 
as required 

Flat Oil Paint or 
BiTUMiNoui Kmulsion Paint 

Plat Oil Paint 

IHktminms Emulsion Paint 

X or 2 coats 
as required 

I or a coats 
as required 

OiEbound Water Paint 

* or 2 coats 
at required 

Oil-bound Water Paint or 
Flat Oil Paint 

OiUbound Water Paint 

Flat Oil Paint 
(A mordant is requirtd 
Ixdore ayiplie.atiou.) 

1 or 2 coats 
as required 
Mordant plus 

X coat 


(Iritty 
Nou-gfitty 
(iritty . 
Nou-gritty 
(iritty . 
Nou-gritty 


(Iritty 

Nou-gritty 

(iritty 

Nou-gritty 


(iritty 

Nou-gritty 

(Iritty 

Nou-gritty 

(iritty . 

Nou-gritty 


(iritty . 
Nou-gritty 


(iritty 

Non-gritty 

(iritty 

Nou-gritty 


Gritty 

Nou-gritty 


Gritty . 
Non-gritty 
Gritty . 
Non-gritty 


Coverage 
(per coat) 


10-15 aq. yd. per gall. 

35-’40 „ „ „ ,1 

i25“i50Bq. yd, perewt. 
300-350 „ „ M » 

* 25-150 „ „ „ M 

300 - 35 « ,f „ n M 


X25-150 sq.yd. perewt. 
300 - 3.50 „ It I, „ 

125-150 ,» „ „ H 

300-350 „ n It I, 


U5-150«<i. yd, perewt. 
300-350 ,» „ „ 

125-150 „ „ „ „ 

300-350 „ ,, „ „ 

*5-iB a(i. yd. per gall. 

55 -(>o I. » » » 


ioo-i5o«q, yd perewt 
400-225 It n M 


*0-15 sq. yd. per gall 
40-45 tf If »f ># 
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FIGHT FIRE no matter 

HOW IT ORIGINATES AND 

CONTROL AND PREVENT IT 

SPREADING WITH 


If incendiary bombs do 
come "SNUEF THEM” 



BELL’S ASBESTOS AND ENGINEERING LTD. 

BESTOBELL WORKS, SLOUGH, BUCKS 

Telephone: Slough 20211 (4 lines) Telegrams : Bestobell, Slough 

Branches : Birmingham, Bristol, Cardiff, Hull, Glasgow, L®ed». 
Liverpool, Manchester, Newcastle, Nottingham and Belfast. 







AIR FILTRATION 
PLANT 



Th<* iiwtulltttjoiii of 
C.arrior Air Fiitra* 
Uon IJnitH iticreaseu 
the iU'('oituHo<htti<iii 
of aheherit liy four 
or five tiineii. In 
eonairucting new 
eheltere the «{>ace 
reqiiiri d to reduced 
by four*fifthi. 
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AiyilliPil iinlli iiftiTfiii llif 
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Currifr Air Filiratioii 
inHiullut ioiiH of any Hwr 
imd <tutput can now be 
Huppliccl baiirlng the 
Komc Ollicc (lcrti(i(*u- 
tiou Mark. 

LICKNCKSNoH.USfF) 


The Carrier 
fiyHtcm allowB 
for vital ser- 
viecK to eon- 
tiiiue during an 
a 11 a <! k , by 
maintaining a 
guarant e e d 
system of pro- 
teetion against 
poison gases 
and th(( elimi¬ 


nation of smoke 'I'l,,, Cgfricr Air Filtmlion IMmit In « 

of EOy kind* Firktt-AUl and Dtjnonluminution Ptmt 

Comfortable air 


conditions are provided for an unlimited period of 
time. It is already installed in Report Centres, 
First-Aid Posts, Control Rooms, Buildings of H.M, 
Government, Colonial Governments, leading Railway 
Companies, Banks, local authorities and public utilities. 


mg (ompanq ltd 

I Gate, London. 









THE PROVED 


p©muiA 

We have NEVER claimed: 

that timber treated with "PORCELLA” FIREPROOF 
PAINT would resist the intense heat of an 
INCENDIARY BOMB but 

We have ALWAYS claimed: 

that “PORCELLA” Paint would definitely prevent 
the spread of fire from an Incendiary Bomb. 

NOW we are in a position to submit some photographs 
which definitely prove our claim. These photo¬ 
graphs show where a factory was saved from fire 
by “PORCELLA” FIREPROOF PAINT. 

During the last week of September 1940, an ENEMY INCEN¬ 
DIARY BOMB feU through the Glass Skylight of a Modem Factory, 
and landed on a wooden mezzanine floor, which was con¬ 
structed of ordinary deal boarding on 8' x 3" beams. This 
structure was painted with “PORCELLA” Fireproof Paint, 
both above and below. 'Ih# bomb burnt right through the floor 
and fell on to an ordinary wooden truck, and there burnt iUM^ 
out. This truck was also painted with •' PORCELLA” Paint, 

This Bomb must have been burning fiercely for some minutes 
on tile wooden floor before it burnt a hole suflidentiy large to 
enable the bomb to drop tiurough on to the truck on the ground 

floor, but the 
sparld and heat 
thrown off during 
its burning had 
no effect on the 
surrounding 
structure al¬ 
though there ww 
a partition of 
ordinary wall 
board consferue- 
Uon (also painhiMi 
witii'PORGELLA") 
within THREE 

Sftwte* arnmrn of •• mCEUA " patrmd woodm fhor oftor FEET O f the 
loemdkry bomb bod burnt fti way tbmgb. burning bomb. 








IFOIgilP^©©^ 


“PORCELLA” is 
specially pre¬ 
pared for appli- 
cation to all 
classes of bare 
timber and other 
combustible 
materials and is 
being very ex¬ 
tensively used on 
the inside of 
factory wooden 
roofs, beams, 
purlins, partitions 
etc., etc., also on 
the woodwork in 
air raid shelters 



View of the underneath portion of the same floor which plainly 
shows how the coating of “PORCELLA" paint preventea the fire 
spreading. 

and the sleeping bunks in such shelters. 


It is ideal for the protection of all attic spaces and lofts against 
the spread of fire from incendiary bombs. 



The wooden factory truck on which the bomb finally burnt lUelf 
out. Ihls truck had been painted with “PORCELLA." 


PORCELLA was used 
exclusively on the 
Cunard White Star 
Liners 

■QUEEN MARY 

"QUEEN 

ELIZABETH' 

■‘MAURETANIA’ 

which confirms our 
claimthafPORCELLA" 
FIREPROOF PAINT is 
the leading fireproof 
paint on the market. 


For Mar particulars and prices, please apply to the Manufacturers, 

PORCELLA PRODUCTS 

CHASE ROAD - HARLESDEN - LONDON - N.W.IO 

Telephone; Willosden 2072 - Telegrams: Porcella, Harles, London 









THE USE OF 
ASPHALTE MASTICS 
IN CONNECTION WITH 
STRUCTURAL A.R.P. 

Owing 10 4 'heir particular phy?iical charaacriatics Aiphalic Masiici ire 
suitable both for the proiecibn of siructures agaimi moisture peiu'iraiion, 
and igiinst the high temperatures produced by iiiceuttiiiry bombs, 

The ted of isphilte uicd in building k tewn iiwiiic awhaiie, and tiiltcrs from 
other lypei in that it ii a mixture ol natural iipbalfe ruck (afui vt other ^ 

and isphaltk bitumen* in inch proportions an to give i plastic and priciicaily voidlep 
mail which can be laid by hand while in a htn, fluid cotidifion. 


WATERPROOFING 

Asphalie 'om be uicd for waicrprooting 
A.M,F, Structures in exactly the mme 
manner as it ii used li>r the unking of 
normal baiemenis, 

{ St4 TMhm&l IMImn A'«i. *» i 


pmi RESISTANCE 

IT HAS NOW IIIN PaOVIO IN ACTUAl IX- 

aiaisNCi, IN NUMiaous initancis, that 

Ai* HAITI aooliNO II mAOiCAiir 
UNAWICTIO IT CONTACT WITH iUANn^a 
IHClNOIAat iOHIS* AND Af^rOADS A COH- 
fills faOTICIfON AOAINIT THS IWIAD 
Of ftat, pkgin^fupkl. 


OAi 

C^irtcton represented tn the Ctencit 

i« Mio to i pi)?iiri(»n to lupply a ipeciil 
ps*reiiiiiii| isphilte* whidi ctn be 
dewntiffilnited* and which li appro* 
prla» for \m m a ttoortof h those typei 
of strocture where meiiurti 

would httvc to be ««duacd In the event 
of lerM attack, inch as Deconiami^ 
nation Ctetrea, Ftrtt«Aid FoifSi etc, 
Thi!i material hm been approved by dw 
Air Raid Frcca«tion?i Oepniwatiif the 
Home Ollkc, fi>r uj»e in ih«« prtlailtr 
omdMmm. 



TSCMNICAL A0¥IC1 

The Nifunl Aiphillf 
and Minuficiureri couumI wilt 
be slid to adviiw ifrce of chirp) «i« 
any questte citmieacd wltii the uic of 
isphalte in Air Raid Prci.iutionH, or 
any other war-time pur|it:«€. 


THi NATURAL ASPHALTE MINI^WNIRS A MANUFACTURERS COUNCIL 
91 PETTY PRANCE, WESTMINSTER, S.W.I loto 




BUILDINGS LIMITED 


are manufacturers of 

CONTROL ROOMS 


DECONTAMINATION 

and 

DRESSING STATIONS 


SHEDS FOR THE STORAGE 

OF A.R.P. EQUIPMENT 

etc. 


Ry« Houf#* Hodd«i<ioHp Htrti. 


*phoii« Hoddtadon 3001/1/3 







PROTECTION OF 
INDUSTRIAL PLANTS, 
OFFICES AND 


PRIVATE HOUSES 


mtl ippriivucl bf ili« llai«« Oiic«* 



A tiholtifr )iU{»{>il<!dl with iiltrr«<d «ir nun ttri^ummiKiNti! fiiur tiiim th« 
nuinhor of kr unventilotoci i>b«ttor. «r for givwt NiootnitiiiiiHtiiiii, r»n h# 
only one-quftrtor an tarfto, and tboroforo to»» itabio to bo hit and titurh 


largoit of aotivatffid 

earbon (the active principle of 
fM filtration) we are in a unique 
poiJtlon to adviae upon equip* 
meat for the protection of frow 
seven pemona upwnrda. 


i-.N(;i.lMI 8TEKL CORI’ORA* 
TION, THOS. PIKTH & JOHN 
lJU<i\\N,T»tUI.«»l*E& COLLS. 
METIIOPOIJTAN WATER 
IK)AR1>, KilAIKIS, OAR. 
I.IXt.loN POHCE. and teading 
thw and Etcciikiiy CHiiettakina*. Cte. 


SVTCibirFC, SPEARMAN & CO., 1»TD. . IiEIOS . LANCS 

TideplKKMM: 94,8S, @AL*tsdt ' “Utilisation,'’Lai#, banewMre 

LONDON OfflOB VtCTORIA STOEET, i.W.I 





STRUCTURAL A.R.P. & FIRE PROTECTION . . . 

Specify DURASTEEL 1DF2 

Composite Steel-and-Asbestos 

FIRE PROTECTION PANELLINO 


Widely used and specified by Government 
Departments, including H.M. Office of 
Works, Air Ministry, Admiralty & Ministry 
of Supply—the patent DURASTEEL 
combination of asbestos highly compressed 
between steel facing sheets gives high fire 
resistance with great mechanical strength. 

• REPLACEMENT OF BROKEN GLAZING 

• PROTECTIVE PARTITIONS & CANOPIES TO VITAL PLANT 

• DURASTEEL COMPOSITE A.R.P. SHUTTERS AND DOORS 

DURASTEEL 3DF2 Composite Sheeting 
has proved successful under rigid tests 
and actual War conditions. It is 
compact, light in weight and readily 
adaptable to existing structures. 



(Illustratid) 
Durastml composite 
sliding ihuiter 
prottsct/ng window of 
Industrial 
Control Office, 


Send for AR,P» 
.Brochure to 

D URAST£ E L 
HOOfS, LTD, 

Oldfield Unfi, 
GREENFORD, Mdx, 
Til,: WAXtOW 1051/2 






NESSURE PillMG 


for 

RECONSTRUCTION 

Th« 

IDEAL SYSTEM 
of 

RAPIDLY 
PREPARING 
SOUND 

FOUNDATIONS 

Oil 

DISTURBED 
SITES 



Mttf wt pleoie ftovt fouf tnqulrht ? 


i4#|t IM4 







PRESSURE nilNG 

€otr7 



TUI PMSSUm PItrNG CO. (PAr#»rtt) tlHITED 
Tiiimlnal Hoyftp.ST Gry*vi»fiyr 0^r4«nf.tyndc»A,S.WJ 
i Wlnckl«»y Sayarf*, Prf»»ton» tufici. 



Everything for Safety Everywhere ’’iiiiiiiiiiiiiiiiiiiiiiiii 


AIR RAID PRECAUTIONS 

1 



EQUIPMENT 

General Civilian Respirators 
Civilian Duty Respirators 
General Service Respirators 

Protective Clothing 

To official requirements 

First Aid Outfits 

Oxygen Administration Apparatus 

(Haldane’s and other types) 

Gas Smelling Samples 



(For instruction purposes) 

Redhill Containers 
Steel Stretchers 
Stirrup Pumps 

Etc., Etc. 

SIEBE,GORHAN&Co.Ltd. 

Cas Mask Contractors to HM Government, 
Designers and manufacturers of breathing apparatus 
of every description, 

WESTMINSTER BRIDGE ROAD, 
LONDON, S.E.I 

Te/effroms .* Te/ef>hont f 

AZeZmb, London WATerloo 6071 (Alimt) 



<METWUL’ 


SAFETY CURTAINS 

As recommended by the Author In his 
Article in “The Power and Works Engineer,*' April 1939 


‘METWUL’ AIR FILTERS 

FOR AIR RAID SHELTERS 

(M uttd by H.H. Office Works) 

JOHN YUILLI (METAL WOOLS) LIMITED 

Hia'NGTON. GLASGOW, S,W.2 * 10 BEOFORO STREET, LC«MOON. W.C.2 




STENT PRECAST CONCRETE LTD., 2 Central Buildings, S.W.I 











VENTILATION and 
GAS FILTRATION PLANTS 


In accordance with Home Office Specification 
and as supplied to H.H. Covi'rnrn.'fit Offices* 
Municipal Authorities and leading firms. 

STANDARD SIZES: 

25, 50, 75, 100 PERSONS 

LARGER SIZES ON APPLICATION 

AIR CONTROL INSTALLATIONS LTt 

RUISLIP, 

I MI n ri V I 

coNTitDiAm, Ryiiiir * uuu/\> mmim 4m 




Two important factors with regard to 
concrete in A. R. P. construction are 


Strength and 
Non-Porosity 

Colemanoid No. I 

liquid integral waterproofer and hardener 
deals with both these problems in one 
process, as concrete in which “Colemanoid ” 
No. I has been incorporated is permanently 
waterproof besides being increased both 
in compressive and tensile strength. 


The Adamite Company Ltd 

Manfield House, Strand, London, W.C. 2 
Telephone: Temple Bar 6233 



BURNE JONES HOUSE, FULHAM, W.I4 



C HOLOIN, t«« . M IKK 


CONTRACTORS 

TAYLOR WOODROW 

LONDON 


Othtr AuthorWti hr whom roconi contr»«i h»vi boon arrltd o«t; 


WAR DEPARTMENT 
AIR MINISTRY 

CENTRAL ELECTRICITY BOARD 

BOROUGH OP HENDON 
BOROUGH OF EAUNG 
CITY OF LEEDS 
HARROW U.D.C. 


H.M. OFFICE OF WORKS 
ADMIRALTY 

MIDDLESEX COUNTY COUNCIL 

BOROUGH OF ACTON 
CITY OF FI.YMOUTH 
CITY OF OXFORD 
MILKSHAH U.D.C. 


»nd other Muntcl|Mil Authorttioi. 


TAYLOR WOODROW CONSTRUCTION LIMITED 

Oirltwn; Fmatt Ttytsf lahn Ptmon lahn Hiuiten A. I. Hill, t.Sc., A.n i.CJ. 

RulfHp Roid. SOUTHALL, MIddItiett 
T'^iehmMi WAXlaw 



Fight Incendiary Bombs 

SINGLE-HANDED!- 


with the 



riRE EXTIMtaiESHKR 

You may be called upon to deal with fire 
bombs at any moment now. With the 
Dual Purpose -“CONQUEST” Extin¬ 
guisher, you can tackle incendiary bombs 
and deal with resultant fires single-handed. 

The new “PYRENE” Dual Purpose Noz¬ 
zle projects a fine spray which increases 
the rate of combustion of the bomb and 
at the same time cools down the surround¬ 
ing material. By a slight rotary movement 
of the knurled nut, a powerful fire-fi|htlng 
jet is obtained which is .effective m ex¬ 
tinguishing fires involving freely burning 
materials, such as wood, cloth, paper, etc. 

The “ PYRENE ” Dual Purpose Nozzle 
can easily be fitted to all types of 
“ CONQUEST ” Extinguishers already in 
use. Alternatively, the new“CONQUEST” 
Turnover Type and Break-bottle Type 
Extinguishers are now obtainable with 
the Dual Purpose Nozzle already fitted. 

Secure this self-contained, combined fire 
protection now by completing and return¬ 
ing the form below. 



Vuftl t tittf'fn'ti 

f ,I."/ Mfrsttfr/'" / v/v 
** f .V/ •' / if!«?.'«*i/t#'#, 


TMi PYRENE COMPANY LIMITED, Wtit R«i 4 » imntforii MWllltl^K 


To; Tht PyrciKi 'Comply Limited Dim.,.. 

*Ple|i« quoie for.C.i, *H':ONrQUHST” Dual Purp«e Bximgui?ihcfji, 

*W€ h«ve...*.....Ca./C.a. typo ‘'CONQUKST*' EKtinguiiheri* Pktsc quote for 

OMaveriioil* •Htrik# «mt wurdlng ii«t wfi'Ulmi 
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SPEED 

F.S. Shultirs if# constryatd of ait- 
Irofi yolii boktd topihtf, iftcUon 
an bi cirriid oyt by u«sklll«d hbour 
In » third of tlmt uk%n to bylld 
a concroM out of ilitiitir cipicliy, 

EASE of ERECTION 

F,S, ShiIt'ifs iff if«ct#d ynic by ynii 
in in fxcaviitd trench, the tirth 
from which |i¥ii r«|ylition 7 ft. 
co¥irln| Oft mp for com^ftte fettst 
iftd spllfttir-proof protiction. 

STRENGTH 

W.Shitwrs rofnpty with Homit 
rtiutltloftf ifty.1 4rr vulijtct tti 
omc«r*i approval, Unit constnictlofi 
tnnbotfyifjj^ftaftf:t:v fixed by «nifs and 
bofti afford-i tiiaKKmjftj rigidity iftd 

ECONOMY 

HoilcliW liboof or iddlttooit mt* 
trial fiqulfid. All ptrii rtidy for 
Immtdltti twaloft. Shtlttr an bt 
dteimritiy and iti# ffiidii good In 
owiclt tlmt, tt focofiWfiiiilid by 
Govirnmiftt, 

Wriif {m fmf illwiffitd 

Itmmmm is i^t 


Ibit Constniciion 


AIR RAID 


SHELTERS 


w IliiiPlI ' o 

l*«i fmr A,!#. 
mmum iiii« #»§#«*»« nOW, 
THi f S. It lift Rti«# lit I# l§ 
ftud in ye** 

p^ilWi «*'»«** it-Mii »',» 

. #«#«»» ^ 

The tts,.'*'» ^*20 

C! 

E mWm. Ot 

pfimm ho«i« and 
cowfttry S^ti 4 

^pli. All fm ft«^ to 
•rtct If i spdi iftd i 
•piifttr. 

F^UlCiES I m? 


FEDERATED SALES LIMITED 

ao. GROSVENOH STREET LOtIDOII W, ij 






Sturtevant 


R 

Poison Gas 
Filtration Units 
¥ 





REMOVE ALL KNOWN WAR GASES 

Made in aizee to deal with shelter* accommodating from 12 to 
1000 personsi and complying mth Home Office regukrions* 

Ow p 0 dfrm hooklH Cd 1249 gim$ full d«iaU$ 


s 11 HI iwM i;nginfi:hi!\g C'o. L i d 

14*).(Jl I I \ \ l( lOHIA Si ni l T.iONDON 1 ,( , i 







FOB 

(g ^ M ® li 1? IL O 

BHD 


T he importance of camouflage and blackout in any 
scheme of aerial defence is emphasised by the 
introduction of the Civil Defence Bill 
I.C.I. (Paints) Ltd. have for a considerable period been 
working on these defence measures in conjunction 
with various Government Departments. Their accu¬ 
mulated experience and range of approved products 
are available to all interested in this branch of 
Air Raid Precautions. 

Paints must obviously play an G.ssonliol part in any schama 
of camouflage, and consideration must ba givan to the 
following points i 

(a) Freadom from glint, 
fb) Colour. 

(o) Durability. 

(d) Storaga properties (if It is intandad to hold a 
stock of paint against an amarganoy). 

If required, tanden for complete camouflage lohamai will 
be obtained. Service raprasantativas are available to visit the 
sita at any time. 

Smifar pMihabrs te 

I.C.I. (PAINTS) LIMITED 

(fuirmr/) NekI Cbtmital JFimititt Ud.) 

SLOUGH Tihp^iil>f4his\ Skfiv* BUCKS 

oite*i m 'wm motm mm» 



JOHN MORRIS t SONS LTD. 

:established i875: 


‘UPPLIERS of all equipment for Fire, 
^Decontamination, First-aid, Demolition 
and Instructional purposes including 
Syrens, electric, steam, air and hand 
operated, and equipment for Air Raid 
Shelters, including Filtration Plant, 
Drainage Pumps (hand and electric), 
Emergency Lighting, etc. 

For over 6o years specialized in the 
manufacture of cveiy appliancit for the 
extinction of fire. 

Manufacturers of Fire Hose to the order 
of H.M. Government for ARP. 

Our range is so c<)mi>n*h<-nsivf‘ that it would be 
iinp<mil)le to th’scrilx- it here but we invite clients 
to send for second edition of our ARP Catalogue 
339B, in which cquipinenit as set out in the 
Appendices to ARP oflicial Puldicatious is itemised 
and priced. We have fully cfniipprtl ARP Show¬ 
room where many of the items in the eatalogut^ 
could be seen and we carry considerable stocks for 
tluick delivery. 


SALFORD FIRE ENGINE WORKS 

SALFORD, MANCHESTER. S. 


Te/ef rami; 

FIRIHAN, MANCHESTER 


Telephoms: 

PENdliton 149S It 1496 



I mIJlI i^llm Imi^lE# 

PROTECTION INSTITUTE 

AIMS AND OHJl-t ms 

K, The etwbJiihmcm of e profetiionil body ver»ed in «ir raid 
proiecikm mMiurei. 

2. To provide a foai point for teohnioit informatioA nod di»- 
cotiiOR on air raid protn tioii, 

3. To bold meetings and feciuret, and 10 puNhih a Jotimal. 

4. To form paneta fnr the considtraiion of individtiai prohiemi. 

3. To adviie and taiiat jwrhtiritir'-. ii>j|n>rutiim-i and the feneral 

puMk with reprd to the appluatton of iur raid pr<«e«ion 
ineaiuref in ptmeuiar one*. 

d. To maimain a regiiier of pmoni eomticteni to give advice. 

7. To fttai degrees of proleiaicaMl it«ui»''tc«iy (FeUtfwi and 
Attodate Fellows) to th«K eligible, and to enrol the luppon 
of others aa Member.. 

t. Generally to advance and riuv>ur.iKe meaaurei for the proiec- 
dem of the dvil papuiaiion igainit air rtidi, 

ITw Institute is non pulitlial. 

ACriVTTIl-S 

General Meetinp are held twch nmnth during the •eiskm from 
October to Itsly incMve, at which paper* are read and di ais-ied. 

In addidon, serkt of InfofRf.il Di*. u-Mon'i Hre held, deidiiti; witik 
varinif. Tecbmial and .\di»tinf.trafive Ptoiileini, 

The loumai of the Instiiutfe, which is pubtiibed hi-munihly 
fhfottghma the yw, is tent to alt member*. This Journal has 
ilres# b«s(»ne the autheeiative techidal publication on A.E.F. 
piactiw in ihi* ofuntry. 

A Bumber td Tedudoii Panels and Committeet have been 
appMiued by the CouttdH m invefigate and repwt upon various 
•apeca of A.R.F. 

The Ubnry is open for tefciwe hf nsemben during t^ce 
howl. 

The it the only todinkal imcItuM ot^pfad lololy in 

tho itudy of air raid protaction, and a* tsich la of the groatait 
valua to idl who wlali t» bt fully inlfomiod in riia aubiact 


full pnnit ulars of tjuuliftcation for mentbersl ip are obiriinable ft(»m 

rhe Seeratory. 

THE AIR RAID PROTECTION INSTITUTE 

2 Miilbank HoiMt, W«H>d StiMMt, Ltmdew), $>W.I 

Nmmmi WMMwM •BBT 



- - SEE PAGE 162 - 


you need this 

BATTERY 

PORTABLE 


NOW IN OFFICIAL A.R.P. 


WHATEVER Air Raid Proautions you 
art taking, boar one thing In mind—you 
mmt hove Information, And thoro is only 
ont sur# moans of providing that essen¬ 
tial—th® proper kind of radio set. Radio 
Sits dependent upon the mains cannot 
be carried away from the electrical 
supply. Wet accumulators In ordinary 
battery sets usually need re-charging 
when wanted most. 


The ideal set 1$ portabi®, no mains or w« 
batteries, no outside connictions, This If 
an exact description of the Phllco All Dry 
Battery Portable, the set for A.R.P. And 
too, for happy days, It Is an A,R,P. 
essential, gives 200 hours continuous 
working on long and medium wav® 
lengths, and combines, of course, Phllco 
fidelity of tone with Phllco sensitivity 
and Philco nerformance. 


V' ■ 1 


V I 


PHILCO 


Battery Portable 

(including Battffiis) 

itiy R»ym#nt Ttrm* 

Ifyouwlih nils 


H,aCO RAOtO * TRLIVIIION CORK>RATiON OT. ■RITAIN Ltd. RRRIVALI, MIOOX. 





Key men working in exposal 
positions must be protected 
against air attack. 

THF PNT 

m 11 Bn* w \r mm. hw I v I 

BELL SHELTER 

ihm iiluMmifi) 

is designed for this purpose. 
Other A. R. Ik t'.juipnu-ut 
supplieil includes g.as proit 
doors, rmci'!',t'ncy exits, ;ut< 
containers. 


Punher detaili will be willingly supplied by 

SOLENT ENGINEERING CO. 


N.W. Wing, Bwfh House, Aldwych, 
’Phom! Ttmpte Bar LONDON, W.C.2 


Cofttrectort » Mmlraitf, War Ojfice, Ham Of^ca, HM t^e* ef Warki, 
Mr Minittry, ate. 

A N T I • G A S 

1^ I I ^ ir% *1# 

PROTECTIVE 

11 !■ m ii liiwi m m w wlKm 

CLOTH ING 

STEEL HELMETS 

mF Ii Ml ■fli Ml ■ I Smi mi S B mi I «i# 

ETC. 

To Government Specification 

ANTI-GAS UMITEQ 

tt Le«nMrd*s Worfes, 

HANCOCK RD., BROMLEY^Y-BOW, LONDON, EJ 

AOVenee 1175 . 


IMPORTAKT 


Civil Defence Act 

RICE & SON, LTD 

are prepared to carry 
out tKicessary works to 
(]ooini(ircial Properti<^s 
and Factories which come 
within the scope of the Act 

Immediate attmtion ta all enquiries. 


RICE & SON, LIMITED 

LONDON, MARGATE & BRIGHTON 

Buiying Public Worki Coutmctom. 
Ecliilbroed Coucrete SpcciuUsts. 

IS, ST(M;KWKLL HD., S.W.9 (Dept. A.H.) *Tel. ! Hrlxton 5411 
PALACE PLACE. HHHDird.N. Tel. ! Hfinhton 2529 & 4514 

CECIL SOIJAHK, MARCATE. Td. j Margate 3 Sc .114 


Ask for 



ARSONS 

PAINT-by name 


and make sure of a good job 

CAMOUFLAGE PAINT 
TRAFFIC LINE PAINT 
OBLITERATING BLACK PAINT 
LUMINOUS PAINT 
DISTEMPERS, &c., &c. 

Price! and full ftankulari on appllcotton 

WALTER CARSON & SONS, LTD., BATTERSEA. S.W.H 

T»l«i>iwn« N». »ATl«r««* lei I il'.I.X.I 


FIX REINFORCING RODS 

QUICKLY-SECURELY WITH 

STABIL BINDERS 

Himpk fpring dipt which ciiiwrc 4 !'. tufr 1 4,‘hti!) 
«f t’oiicrcie rcififiircitii rtdi* F»«'ilpr»»i! .i?:.-! 

An/ Wfirlmjiti mn ih«i, Qisicbr anil e»ikf 
than ardittiir/ wire ,eu-i 4 i!r ip^cd 10 m 10 

hindii i minute. Made ter »ll rwiiliiiwiitiiii nf 
r*d.^ I in, in i| in, dtewieier* 

Now bii«| tiifd by leadb| Ciifttriirt«fi| the 
AdmiMlty, War Offlcf* Air Miniitry «i«l Mmikipl 
and Crnmly Cnwniili, 

SPiCIAL TiST SAMPLi and liitwiiirc ilidly 

wnt 

HUNTLIY tk SPARKS^ LJO., mmrik 

lllinif 14 # 





T he urgency of the preHem 

time itiakeB it imperative that 
in the building of air raid nheltern 
the beit advice should be available. 

Mr. A. Kirkwood I)odd«, M.C., 
F.S.E., MJ.Struct.E., &e., who, 
in addition to liin high lechnical 
qualiheatioiiH, po^^HCHHea an un¬ 
rivalled experience through bin 
work in nurveying llu*! Barcelona 
ftheliem, i» oiir A.R.B. eoniullant. 

r. lilt AllVOItll & «: 4 K I.T 1 I 

I'llrrK KNCiiivnnRfi 
IKian » EllMtlZVTOIV 
MINIHIN • 1 V.I 0 

TOTTENHAM ^7 


iOMi^HOOf SNitTiRS 

GAS A SPilNTiR PROOP 
SHfLYIRS 

tHfcNC H A rUNNfcl,. 

SHtlTfRS 

Ct)MMUNA( SMfJ rtHS 
^AHHY SMf l rtHS 

£>tCON l AMINAnON 

CCNfRPS 

MMSr AlO POSf** 

wAremNG posts 

£ Xts f lNG HUM OINGS 

ihing imini da adapt to 

ftc t rc. 


BRADFORDS 
for CONCRETE 




TUI c 

I ■■ Cii 

MASTER 

ni III r\CD 

KiiP I Lm Cl Im 


Every Issue contains 
articles, useful Information 
and Items of news for 
HASTER BUILDERS 


Specimen copy, subscription 
and advertisement rates 
upon application 


SALISBURY SQUARE HOUSE 

Off Fleet Street * London * EC4 

Teleframt: Rui|p«m»c, Fb«c. London Teiephon* ; CiNtrat i9IS*9 




FOR FIRE PROTEaiON 

we are manufacturers of ail classes of 
equipment for every type of building 

★ FIRE EXTINGUISHERS 
★ CANVAS FIRE HOSE 
★ HOSE COUPLINGS 



In viHoui iliti 

THE BRITISH HOSE & APPLIANCES CO. LTD 

CHURCH STREET • PENDLETON • MANCHESTER* 6 




The Best 

DISINFECTANT AND GERMICIDE 
for commynal and private 
Air Raid Shelters 


In Bottles - - Ad., I/- and 1/6 

Also Drums and Casks 


PRACTICAL ACOUSTICS 
FOR THE CONSTRUCTOR 

By C. W. GLOVER 

*♦ Th# ittiliof covifi tilt wtiol# ^iW of ircliltictyril icooitlct* In ilii 

ftarllif cfiMtifi with tht gtotril of rtffictioii* iiilir* 

iborptloo iri4 mwbm^tkm, m4 prmm4lm m m imh ip§€kl 
f^wbhtm th§ Mmmk dtslfo tfmmfm »fi^ ilm ipj hrm^milng itwdloi* 
iht? of oifioi m4 tlii and •d iircitfl ««••. Th§ 

book i% vnty lyiwmaticilly wlih tlit difi glvto wliirtttr Im 

iripbtc or dl4|rimwiilc form, tod It In rapid iirti owifiotefii of 

rthfioci, Hi bn divoltd t itwIWy lirfi pmfmrtlm «l tlii 1^1 m ibi 
C 0 fiildi«tlOft of tbi comfwofi proWtmi df unintj ioi lowliticWt iol 

to pfialcii lyyiioci oo lottodl loioliiloii m nmuintimi mti mlnlmm4 wntmm 
b«IWte|i» ibi illmifiiilofi of ooiii from vtiiilliilfif, biailfi| Md fiMtrkil loitib 
liilow i»d llfii* michioiry ^Ibrtiloo* Ht glm iltirly drtwi 
m to fntt'lioit wd miiirlati of MmmpmM by 

iMclAciiloo clioiti. A viloiMi book, amply ftUntraiod ; n Mfficiibli m Itt 
tiili Impllti wd t¥«« wort ARCHIf'liCTS* JOyiyNAL 

Dtmy 8Y0. W pt|ti* B6 i|wr«i, 2M. nm, 

CHAPHAN & HALL LTD,, H Hmrimm Striti, London, W.C2 















CRITTALL-SOLENT 


A.R.P 


PRODUCTS 


include steel doors and shutters, gasproof and 
splinter-resisting. Windows, gasproof and 
blast-resisting. Escape gratings, gasproof with 
water seal. Decontamination and food storage 
containers, gasproof with water seal. 


THE CRITTALL MANUFACTURING COMPANY LIMITED 


110 HIGH HOLBORN. LONDON, W.C.I * HOLBORN 5612 





The Authoritative Journal on 
Municipal Affairs 



AND 


M®!S3a©as>Jiiii 

ijS9©as9®s®as9@ 

Every Wednesday - - 39/- p.a. pott free 

(KA A J™ m% m m9 mt Jn» •• •■k 1# A A AH iB 

. <|zr||V|ipn 

mUmJmiUm ww A A A JClAA 

CTiirnT T/^ 

TRANSPORT- CLEANSING 

Qwsul » • TMPnltiiftt 


PUBLISHING OFnCES 

LENNOX HOUSE* NORFOLK STREET, W.C. 2 
TEMpteS«r; eSil>S4 
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THE GREENWOOD-AIRVAC WAY 

ENSURES HEALTHY SHELTERS, BASEMENTS 
AND REFUGE ROOMS BY VENTJLATING EVERY 
HOUR OF THE DAY^EVERY DAY 

‘I'Hl-: ATMOSI'IIKKI-; IN SI IF 1.1*!-,US, UFFtn;!*: ROOMS AND 
HASKMI'.N IN OF-I'KKIOKA J FS AND HI-UO.MFS STAFF irNLHSS 
AN AIU'.nirAl !•: SiriM'FV (Jl‘ FUl'Sn air is I 0 KKI-;( I I,V AND 
C ON riNUolfSi.V FKDVIDKD. IvXtFSSIVF ( oNDIFNSAi'IoN AND 
DAMI‘Nl';S.s liJJNt. CHKt KED THMRKHY. 

THE 

«RKENW()OD-AlRVA(’ 

‘‘NUGAS’’ SYSTEM 

( luntiirttl Vf*ritllutii»u |»rttvUl<iH 
oiuiliuiit null iuitoniatic Mttrk's* 

I (liuitKhUt'M Hit' In 

muimo' withmit 
n’rlniuicnl uuMiifi, 

‘Chr jciD-fit •*Vut .lire** F.xtr;it' 
n,‘-hnwu(ni It'll,,m<l Kt'f'i'.fi'jt'U 
il.iUt-. atf' littril vvithouj j'.itrnl 

whi«ih urt» iimtimtly upmartlniui /OR THE HOME OR OOTCE 

soil thr" njwrttiri* iiKwiriRt «:*»». Th«*‘Nogas Wall Ventilator ullrfilruiisi 
AMMrxrTowi tv tt ATtMT neci^sslt/ for sealing wall ventilators 

PRO 1 F.C I IVt. SHUTi KRS. couch. Fit In ptac#of youf prtitnt will 
DOORS & WINDOW PANFXS vtotllatori. or addlrlofuil thereto. 

Two fixes; yin.v, 6ln. or 6In. - <iin, 



J/i A, 


GREENWOOD’S AND AIRVAC YENTIUTING CO., Lid. 

Hanufacturorf 

Hoad Qfrico and Workxi ABBEYDALE ROAD. WEMBLEY, MIDDX. 
Tafaphone: REAIVALE 4498 (3 linaa) 


GOODLASS* CAMOUFLAGE 
A A.R.P. PAINTS 


f / To make your factory or premises almost v 
/ invisible to sky-raiders, employ Goodlass’ 

Camouflage Paints — supplied In the \ 
necessary range of scientlfically-blcndcd 
■ shades. Other specially serviceable \ 

^ Goodlass' A.R.P, products arc Fire-rcslst- 

! ing Paints, Luminous Paints, “ANODITE 

Rust-Preventing Compositions, etc. 

Wfit§ to the Sole Mmafoctuws 

GOODLASS, WALL & CO., LTD 

f 42, SE£L STREET, LIVERPOOL, 1. 
179/185, GREAT PORTLAND ST., LONDON, W.L W, 

fiemttt: dwenm Ajy#>i, B§mk4f «n4 Cwk 

fSfAlLlSHID 1140 



dth Edition— 600(h Thousand (In twelve months) 

S. EVELYN THOMAS’S 

Practical Guide to A.R.P. 

THE HANDIEST, CHEAPEST AND HOST 
COHPACT GUIDE ANYWHERE AVAILAfttE 

Always fallible and absolutely up to date. in 

every Civil Defence Scheme and A.R.P. Otg.uiivuioti. 

INmiHHK BY 

Wing Commander HOOSOLL, CM. 

Officitlly rtcommifidid by ih^ Air Raid Dtftfici L«s|yt 
mk Nttionil Aiioclatton of Air Raid Wardfui, 

Ai $yppii#il to th« C€^r^:iriOori of loriiloo* locni 
Awtftoritltt. Chitl Comiafelti* CHwf Wariiioi, A,PI#, 

Offlctrs, A.R#. loftrycfon. fdiicatloo Cortimlifetti, 
larit iyfinest Hoy«ti« ttc. 

Nlii#ty*tw 0 fm$m. id. mt^ 7id. post frot 
BY THE SAME AUTHOU 

mm . # m mm # m , A ■% 

T set I cAi T rsi fi I fig In A« 11. P. 

POR WARDENS and OTHER CIVIL DEFENCE SERVICES 

TwflNHundrad Pagas. I/- nat, 1/3 fioft fraa 

Indispensable for every A.R P.O. Chief Warden, 

Dlttrlct Warden and Senior Warden 

Contains full instructions concerning Writing Reports ; 
Elementary and Advanced Training ; Dozens of ftlly-worked 
Examples with Solutions; Futly»worktd Sector. Group and 
Area Exercises ; cf)tnpU*j*- with specimfd Iniiroaloni to 
Wardens, Uii)pir,‘\, etc Many Diagrams and illustrations. 

Direct from the Author-^ 

Dr. S. £ViL.YN THONAS 
** lUithcoolA/' Homewood ilotdl, St* Aibsm 

T*te|»iieiMi I te. AINuxi 094 



Controctots to Admiralty^ War Office, Home Office, HM, Office of Works, 
Air Ministry, India Office, Crown Agents for the Colonies, etc. 


“WILLESDEN” 

TRADE MARK 

ROTPROOF SANDBAGS 

Your own Sandbags rotproofed at very low cost 


BLACK-OUT MATERIALS 
FOR INSIDE AND OUTSIDE 

WATERPROOF ROTPROOF 

WILLESDEN PAPER AND aNVAS WORKS LTD. 

Hancock Road, Bromley-by-Bow, London, E.3 

Established 1870 Telephone: AD Vance II7S 




TRIANG 

REINFORCED CONCRETE 

SHELTERS-REAOYTO ERECT 


TRIANCO LTD. 

Oept 45, imMr Court, £mt Molmey, 

Surrey* Emt«rkmk 3X0 (4 llnm) 


INDUSTRIAL \ 

MUNICIPALS DOMESTIC 

pnoTcmm 

Complii^s with Civil Dtfenc# 
rvquirt^nients. 

LARGE INDUSTRIAL 

TYPE for SO permm, ii 
KlystrAtid, Rilnforctdcoo* 

^cm« constryciioo. Lif|ir 
or smalltr cipiclty, as fi- 
qulred, by Stcclomi Unit 
coDStructloD. rinvq'rejuy 
mh oD roof* 

SMALLER TYPE, ilmllir, for 
nlolmum of 4 to 6 persorw or 
groups of 16 to 64. Fopulir pricts, 
rHEN(.:H TYPE (to Home 
Dflci Approval). Eilnforcid 
ioroo concritfslde tnd Inttrlock- 

\ng roof ynits with lotirsictioni, 

omerftenty ixit, ttc., as rtcjwlrid. 

WnU t»r parlu oLifi t*t ‘date f/’i'Uitimr'fd'.,.. 




FTHF 

Jb 4k mmm mmM 
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Jb JE\ kiF JL Jui JL JL \ J 

JOT Am RAID PRECAUTIONS REVIEW 

DEVOTED SOLELY TO THE 
TECHNICAL ASPECTS OF FIRE 
PROTECTION, FIRE FIGHTING 
AND CIVIL DKFKSCE 

The contents of each number include 
authoritative articles of interest to every 
Fire Chief, A.R.P. Officer and to 
all Factory and Works Managers 

PUBLISHED BI-MONTHLY 

FEBRUARY. AFRIL. lUNI, AUOUST. o? lOfU R AND lih J MIfift 

Singl« CoplM 1,6 Annual Subscription 6/- (poll free I 

FIRE PROTECTION & A.R.P. YEAR BOOK 

(PUeUSHED IN JUNE) 

Prlc* 7 6 

Combined Subscription i Journal and Ymr Book 
10/6 ptr annum 


A Sfmimen copy of the jmrmt end fhll pankuim of Iftf 
Year Book will be mnt on requett 

LOMAX, ERSKINE a. CO, I.TI). 

ALDWYCIl HOUSE, LONDON, W.C.2 




COMPETITIVE 
DESIGN OF 
STEEL STRUCTURES 

Htthodf nclopttd in Actual 
Commircial Competition by the 
Loading Structural Deilgners. 

By PETER RUSSELL 

H,C» H.I.SiryctJ. 

itemwfff ; Structurd Sml^^wk Onlgn md %tml 
Stmmrm ai tfiit W$iMdmt^r Tothnkal 
Inxdtm, Umdoft> 

and GEORGE DOWELL 

M.l.Struct.l. 


** Firticularly welcome , . . Thera U a 
particularly good section devoted to the 
design of cinemas and theatres, and Is 
M fully treated as seems reasonably 
possible. Many alternative layouts are 
given, and the respective merits d@- 
icrlbtd, while much valuable information 
on gentril construction and possible 
iteel framing is ifuarporuted ... ft Is 
seldom that so clear and complete a 
working out of all members, whether 
main or secondary, has been published; 
but doubtless the authors’ teaching 
iscpiflinct hii proved the desirability 
of thii unuiually full treatment which Is 
certiln to earn the gratitude of all 
rtadtrs/’-dOURNAL OF THE R.I.S.A. 

Royal 8vo ; 447 pages; 234 
illustracions, including graphs, 
Steel layouts, stress diagrams, 
working drawings, etc., and many 
tables of practical value. 

24s, net. 

CHAPMAN & HALL, LTD. 

•i, Henrietta Street, tendon, W.C.2 


HAYWARDS 

~S T E E L~ 
DOORS 

for 

ARP 

SHELTERS 




Wide experience In theipeclillsed 
woductlon of Steel Flrtproof 
boors up to the very largiit ilxis 
as supplied to the Air Ministry, 
enables Haywards to ofer the best 
technical service In the dislgn 
and minufacturt of A.R.F. types 
according to ref|iilrerT>eru.s, 

Other AiR,P. speclilltlet Include 

Gai-tlght Emergency Covers for 
Shelters, Exit Flaps, Gas-proof 
Windows, Ferro-Concrett Lights, 
etc. 

Writ# fw Smlm'am 

HAYWARDS LTD 

OHIlOll STREET, LONOOR, |,KJ 

Irlt-fUirtffr. ; 



CHAPMAN & HALL’S 
BOOKS 




K 

Protection tor 
FLAT ROOFS 
against 

INCENDIARY BOMBS 
at Low Cost 

Tlw pmtolcm tif 
udecfiintc priitaiioii lo 
factorki ind biiildmp with fki 
rtKsfi if! a icrious and an nrpni 
one. 

Compkie prniotlion npiiiii liihi 
incciuliaty bomhi H aitwreil by 
ipradini a layer of Nghiweiihi 
Slag Vommm over tb« 
surface of the roof. 

Exhittsiivc Ciovernrnefit lenii 
damonstriie cteirly tlial a b in. 
liiyn »a' l oanicii Slig Oincieie 
will prtwni peneimkw on im¬ 
pact, atul niorcovcr ilbw the 
uuTinhai'v tx;imb 10 exhiiisi itsch 
withoui damap to the huildini, 
I'oamctI Slig C’oncrete wetihs 
only .Ml/33 Im per sqf'wafi foot in 
the tlockneti fiwmioned alEive, sti 
lh«l only in very L-uepoHjid 
cai« will the fihric of the rtiof 
w«iwire to streriiil'icneii. 

Foil pirticylars reiardlui twliiikl 
of npplkiuion. awi anti deliveries 
will forwirded on ifipliaiion, 

FOANED SLAG 

Lightweight CONCRETE 

FOR COMPiETi PROTICTION 


iUILDING DESIGN 
AND CONSTRUCTION 

Wiih Rilerefici m iht 

Niw tC.C. R#|yl«tons 

By FELIX JAMES SAMUELY 
and CONRAD W. HAMANN 

Atm.M.I.Struct M l W,|, 
Volumt Ot»«. 

Roynl Svo JS2 pifn. 408 Afurti. 

3 ^. «•*. 

THE ESSENTIALS OF 
REINFORCED CONCRETE 
DESIGN 

Bv R, F. B. GRUNDY 
8 S«,. A M lnH.C.I,. M.lnu.M. A Cy.E. 
Royal Ivo. H(k 04 |«f, 7) Oturti. 
*n8J7wbl#i 

REINFORCED CONCRETE 
BRIDGE DESIGN 

By C. S. CHi lTOE 
B.Sc. M.loit.C.E. 
and HAOOON C. ADAMS 
M.C.. M,A.. Awoc.M.lnit.C.f. 
Saeood Edition. Royal Ivo. 412 Rapt. 
J11 tlloKmioni, 47*. not. 

REINFORCED CONCRETE 
By ROBERT A. CAUGHEY 
Mwilwm fyo, 100 pgci • (old«d plttai 
and W 21*. «•!. 

QUANTITY SURVEYING 

CniB llllllll%BBC 

A f#r iurwttrt,. Civil 

Ctigifierfs, iuildtri mad 

Sy WILFRID i. EVIRSHID* fSX 

F^rth Idliton, Otmy If©. I&1 
11 bWti plitti and ^ i|urii. 
fiftt 






THK uliK lINATOKS OF THF ACCIIPI'FO MITHOD OF 

BASEMENT STRUTTING 



Bxors. of 

iiTB 

Br«dbu3ry HoUing Mllli, 
Noar STOCKPORT 
Til. I Woodley 2831 


MiLiiS scjirroiiD 

CO. liTO. 

Truisley Works, 
Hammersmith Grove, 
LONDON, WJ 
Tel; Riverside 0012 StSOae 


tarif 

Steckf 

Availablf 


MTJKRAYS (Scaffolding) 
LTD. 

8 West Georg# Striti, 
GLASGOW 
Tei.: Douglas ISO I 


SANITATION 


SEE 

Mr. GLOVER’S ADVICE 
ON PAGE 168 


4%tmmp0it 

I kadmg ilmimMM 

i cft?;'. /},■■*,-v mlii'kd Hi>BAN 
f MUM ('lOHlifS. 

.Aii’iiplctcly ifKkperitkru r»f 
vtilftrutdc oiiwicle dritifuge. 

’^(rMart 11 feed tkioufteis, 
hygienic linitation* for 
women ai well ai mcn» 

^C'kc'upie* little space»"'■ 
Pciifcfcd ready for imme¬ 
diate i«c, 



‘^Hf’Nothing mecimnirai to go 
wrong in m\ cmcrgeficy. 

Tlfl)t«poiai of Sewige ii«f 
iw deferred for limg pcrio<ii 
without fwr of infecikin. 
n>ii# fm Imfiii 

“ SANITATION IN 
AIR RAID SIlf'LTT'.RS 

iLSAN CO. mi 

St Clapliaim iGad, 
ioncTofi, S.Wtf 






“The Mu nicipal Journal 

tMfAS thr tlrni jmiriial iu Us firld Ici aufi.' ij.af. ilrvrlHji* 
* ' mriiis ill willi A.!iJ^ For fivr yr^r'i it hm 

rrgylarly fraiurriF f»y i*'* ittnvN. aird '* Hjirriiik irrvirr, llir 
jiriigrm «:»f thk tiraarli of iftr civir lliltllilii’itrillioii 

iitici has Hoyglil to rrytler all assiviaiirt- in ilit” 

building tt{» of thr \%mt orgiiob4tit*ii in rxMtmx lo-tjay, 
Eiicli werk it 

mjr 

K iiisinc w #111 

I %tU 

TN Ititich with uiiiil nalioiial and liifal *iyi1iot'iiir% 
^doiiig. Its FarliariirriUiry taihiuuo dral r.!)cfriotvrly with 
A*R.P* It f:irrsriiis nurrtiH'l siiuiina.rir.?i of and foiHiiKotiarir^ 
on floirtr ()llkr aiifl other tiffirial rfiriiioraiida. ti t'iitiodo:?» 
aitlliciriuilivrarliclrsonadiiuoi^klrativrainl irrlitiif.il tjtir^iiioii^ 
and on tiao-poi?, ftrr brtgadr^ and other rqidjirnrnt tor dir 
A.R.F Servii'r. Im cmttnhmmt are arkfiinvlnlged e3C|irrts. 
Bui A .1^ admiruiilratori* realise tluil nm^rm largely de|K?iidii 
on ilifir liring 

tk ♦a. 

Ail i» 9 iir 

w^kmm 1 tPII ill 


develo|iiitrrttM in other rivir srrvkei dirrrily or 
ifutirretiy rrliiied to A.li.R ** Utr -Muiui-ipal Joiiriifd ** 
covers every irrvke of the Im'iil ^t^vriotre-jn* adiiiiiiiilriitiofi ; 
m that A.R F* officeri iirid othei^ can view itirir work in iit 
right dvf\ in iti rrliitioii to the work of itir IViwii 

Clerk, the Trr-yauri, the tae-diori. the dViwii Fhitiiirri llir 
fiiitlii Sii|M^riiilrndeiii, itie Fire lirigiidr 'C'Mlc/rr. iind oitirri, 
wild are alio ciiiiceriif*d 

AMU M #*** *1 M # 

With kM.r. & Ci¥il Defence 

»THi NUNiCirAI. JOUHNAi,** M. wmOtlf, 
to |p«ibltoh«d at 

3/4 Cl*m«ittto Inn* S'Crand, Lnmiefi, W.CJI 
A ipteimn wUI b$ $mt fm m raquMt. 



MIDHURST 

WHITES 



T he outstandfiti Hfht rtfltctlni autlltles of Hidhurst Whitti maka th@m 
ptrticultrfy aolttblo for ys® In Pint Aid Cantrai and CIttns- 

Ing Station*, In addition to thi* our brick* hav@ btan sptclfltd for ytar* 
mrgtiy bocaus® of thafr durability and itrtngth undar til condition*. 

ThI* Is amply born® out by tb® following tabi® 

COMPARATIVE TESTS 

R«fulu of tuts on Ctlclum-Slilcat* Bricks, mtd* bv Meun. 
Dtvid Klrksldy & Son. st Tsstins and Exparlmantal Works, 

99 Southvrark Straw, S.E.I. 

Crushing Load . 32M lbs. par squ&r* Inch 

>. . 209 tons j^r squaro foot 

POROSITY 9*31% 

From' th® abov® It will b® obsarvod that th® cruihlng strtngth 
of HIdhurtt Whit®* «xc«®ds th® British Standard Sptcllcitlon by 
4W Ibti (1^%) P**" 1^* Engineering Bricks 

lld0 il»it it ,.1 For Bricks for External Will* 

lb*- (ra%) II For Bricks for Internal Willi 

and txettd# tb® itringth of stock brlcloi by 
aSC^' Ibt* IW%) 'p«f *<1. In* For Soft Burnt Stock* 

ib*« (I21%J »i »» For Hard Burnt Stock* 

MIDHURST WHITES 

HIpHURST WH)T*$ LTD., CAM.TON HOUSI. WOSNT STRriT. t ONOON. S.W.l 
Talaptwfl* i Whiuthali M70 unit 77tt Tid*|>tM>n* t Brkkworlw, Mldhunc 101 




